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1. Introduction

This document provides the technical specifications of the Vatiki6710 decoder device that are
needed to successfully implement this device in a system design. The material contained within is
presented with the assumption that the reader is familiar with the following standards:

* MPEG-1 and MPEG-2 including video, system and audio.

* DVD, VideoCD, CD-I (FMV), CD-DA, AC-3 and S/PDIF.

DVD Disc Video Analog Video Output
DVD Digital Video | Encoder -
DVD-DSP | Data N | Bus
Controller | i ) Analog Audio Output
t ZR36710 - Audio » Speakers
Control Digital Audio DAC
5 Host | Signals | | Bus
ser | [ "1 controller | " B

Interface Audio AAnang Audio Input Microphone
SDRAM ADC

FIGURE 1. Simplified block diagram of the ZR36710in a stand-alone player.

Figure 1 shows a simplified block diagram of how #36710is used in a stand-alone DVD player.
The ZR36710is a single chip solution for decoding and presentation of the following types of data:
DVD, VideoCD, CD-I (FMV), CD-DA, MPEG-2 (program) or MPEG-1 system multiplexed bitstreams,
elementary streams, PES and stereo PCM audio. Where applicablER8%§10 performs the
following primary functions:

uuo,lm lenuapuuo)d pue /(Je1eud01d

« Interpretation and execution of host commands that control the decoding/presentation (e.g. start, gg)p
pause, single-step, fast-forward).

 Acquisition of data, performing decryption (with authentication if necessary) on encrypted DVD O
content.

u

» Demultiplexing of video, audio, sub-picture, navigation packs and user data.

*» Decoding of user-selected video, audio and sub-picture streams for post-processing prior to
presentation.

» Synchronization of audio and video presentation (A/V sync) including proper execution and
synchronization of sub-picture commands.

* NTSC <-> PAL conversion.

« Display aspect ratio (e.g. Letterbox or Pan-scan) video-post processing.

* Insertion of sub-picture Highlight information (HLI) and line 21 closed-caption data onto the vide
« Insertion of user-defined on-screen display (OSD) image overlay onto the video.

* Audio post processing, such as implementation of 3D audio algorithms.

866T “19¢b100
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from host |
external OSD | OSD
from host
- Line 21
to host
~— DVP data [*
to host NTSC <-> PAL Y Y
) Parse and Fixed scaling to &
- - - - —
NAV data Video Decode CCIR601 Letterbox/ Blend ™ |
Pan-scan I video
f f output
bitstream | Decryption
— & » Sub-picture Parseand L _| NTSC <->PAL
from host Demux Decode Conversion
| —
Parse and audio output
Audio > > »| Post-process >
Decode
A4
Internal synchronization audio input
from host | HLI

FIGURE 2. Simplified block diagram of the internal structure of the ZR3671Q

TheZR36710requires one dedicated 1M*16-bit SDRAM (with an option for two SDRAMS if the user
wishes to expand the functionality of the decoder which is not explained in the scope of this document).
The SDRAM(s) is a -10 type (max clock rate of 100 MHz). The internal structure of the memory must
be two banks of 2048 rows by 256 cells each.

The operation of th&ZR36710 is programmable via downloadable microcode and the writing of
parameters to various registers. This allows for flexibility in the types of bitstreams the device can
decode and support of bitstreams that may not necessarily adhere strictly to the MPEG-1, MPEG-2,
DVD, AC-3, VideoCD, CD-i (FMV), and CD-DA specifications.

Figure 2 gives an overview of the internal architecture ofZtR86710 with regards to the decoding
functionality. Not shown is how each block may be configured via parameters or microcode, but these
are explained in later sections. The following describes the key operations of the device.

866T 1970100
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Host Bus Interface and Host Commands

The primary interface between the host controller an&R&6710is a parallel host bus that supports
either an 8- or 16-bit data bus, a 4-bit address bus, an interrupt request line to generate interrupts to thb
host, and other host control signals. Two transfer 1/O protocols (slave) are supported for either Intel- or =—
Motorola-type transfers. Through the host bus the device is configured for decoding, issued control Ay"
commands, provided with OSD data, queried for its current status and other functions required for e
proper operation of the device.

0id

elo

Host commands are issued to the device to control the playback mode. Aside from normal decodingQ
playback of MPEG bitstreams, the following special modes are supported. In most of the special modes,
the output of the audio is partially suspended. Audio output and synchronization with the video resume
when normal playback operation is resumed.

* Pause Stream

» Single Stepping

« Slow Motion with slow-down (integer) factors of 2 to 7

* Fast Search

*» Reverse Playback (for DVD content only, and 2 SDRAMSs are required)

» End Playback

Some of these special modes are also applicable when playing back non-MPEG bitstreams or MPEG
bitstreams without an active video stream.

OJU| [éluaplu0D pue

Acquisition of Coded Data Including Decryption and Authentication of Encrypted DVD Content

The ZR36710 provides three interfaces to the system for acquisition of bitstream data: A DVD-DSP 3
(parallel) interface, a CD-DSP (serial) interface and a register of its host bus interface. The DVD-DSP 3
and CD-DSP interfaces provide a glueless connection to several DVD drive controllers, simplifying the Q)
design of consumer DVD player applications. The host bus interface is targeted at applications in which =
data is provided via a VMI (Video Module Interface) Version 1.4 connector or similar interface.

0,

TheZR36710performs decryption on encrypted DVD content. Authentication is also supported in a PC -]
or any other environment in which authentication is a requirement.

866T 1990100
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Data provided via the DVD-DSP/CD-DSP interface must be in the following formats:

» DVD data: TheZR36710will request data from a DVD-DSP device in the form of 2048- to 2064-byte
sectors. The maximum average rate for DVD content is 10.08 Mbits/sec. The sectors are either M
2 data sectors or DVD navigation file (e.g. *.IFO or *.BUF files) sectors. The MPEG-2 data can
include (as private streams) navigation packets, AC-3 coded multi-channel audio data, PCM audio d
and sub-picture data. If the decoded audio is MPEG-1 or MPEG-2, Layer Il is supported. The CD-D
interface does not support DVD data.

* VideoCD, CD-I, and CD-DA data: 2352-byte sectors provided by the host at a constant bit rate (e.
1.411 Mbits/Sec). The sectors coming from the VideoCD or CD-1 (FMV) discs are MPEG-1 data
sectors (including data for CCIR high-resolution still images as well as SIF size), PCM audio data
sectors (similar to CD-DA sectors) or auxiliary data sectors. If the decoded audio is MPEG-1, Layerr)
is supported. The sectors coming from CD-DA discs are 16 bits/channel stereo PCM data.

e

1do

Kre

The bitstreams via the host bus interface can be either structured as sectors like those described above or
as non-sector MPEG-2 (program) system-multiplexed bitstreams, MPEG-1 system-multiplexed
bitstreams, elementary streams or graphics commands bitstreams.

Stream ID selection, Demultiplexing and Decoding

Stream IDs that select which audio, video and sub-picture stream are decoded can be switched both prior
to decoding and during decoding. TAR36710will demultiplex and decode the selected video, audio

and sub-picture streams. Navigation packets (containing the PCI and DSI data), sequence headers, GOP
headers, picture headers, and some of the user-data are parsed and stored &i#86h6 and its

SDRAM to allow for host retrieval as necessary.

Audio/Video Synchronization

JeW.ojU| [eluapRUOD P

A/V sync (with proper sub-picture timing) is achieved by taking into account the relevant time stamps of
the video, audio and sub-picture data and the actual delays of the reconstruction chains for each of these
data types. Audio can be configured as the clock master and force all other bitstreams’ decoding to
synchronize to audio playback.

Ol

u

Display Aspect Ratio (e.g. Letterbox, Pan-scan) and NTSC <-> PAL Conversion

Prior to any aspect ratio or standards conversion, fixed scaling is performed on the decoded video. Each
decoded image is scaled to CCIR size, 4:2:2 YUV (8 bits/component) as necessary (necessary if the
decoded image is SIF size or “half D1” size, or for any size that is 4:2:0). Next, programmable scaling

can scale the image from NTSC to PAL size or vice versa and also scale the image to a particular displa

aspect ratio to support display of 16:9 sources on 4:3 displays and vice versa (e.g. making use og
“Letterbox” or “Pan-scan” methods). Scaling of sub-picture data is also performed as necessary3
depending on the output standard. -

866T
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The video display frame rate is either 29.97 (NTSC) or 25 (PAL) frames per second. When necessary, J
automatic frame rate conversion is performed on coded MPEG-2 frame rates (or MPEG-1 picture rates,=s
referred to as “frame” rates throughout the rest of this document) of 23.976, 25 or 29.97 per second. For

example, for a display frame rate of 29.97 and coded frame rate of 23.976, automatic “3/2 pull down” |sU
performed.

Insertion of Highlight (HLI) and Line 21 Closed-Caption Data

/(11919!

The HLI data for sub-picture “buttons” can be retrieved by the host whetRiB&710indicates that it
has navigation packet data (The HLI data is part of the PCI portion of the navigation packet) available Q)
for host retrieval. The host can then write the HLI data to the appropriate registers within the device for 7§
proper sub-picture highlighting.

P

Closed-caption data can be automatically extracted from the GOP header data within the bitstream an(t')
inserted into the vertical blanking interval by #ig36710without host intervention.

pljuo

Insertion of On-Screen Display (OSD) Data

The host can overlay custom-graphics onto the video via the OSD feature. Pixel data is entered via the(D
host bus and is represented by a 4-bit color index that specifies a 24-bit YUV color and one of four —5
transparency levels. Each line of OSD has optional support for a “blinking” effect. The host determines e+
on which lines the OSD begins and ends and which portion of the OSD memory is used for the actualg_)
display (allowing for scrolling effects). TheR36710 also supports keying of externally-generated
OSD.

Video Output Interface

The ZR36710 outputs the interlaced CCIR size, 4:2:2 YUV (8 bits/component) video frames at either
NTSC or PAL rates on either an 8-bit (27 MHz VYUY format, with or without embedded SAV and
EAV codes) or 16-bit (13.5 MHz YU/YV) pixel bus. The output of pixels on the video bus is
synchronous with a video clock (either an input to or an output from the device) and contiguous along O
each video line, witlHSYNC andVSYNCsynchronization (sync) signals. The sync signals are either an
input to theZR367100r an output from the device, generated internally.

new.Jou] |

u

Image display “location” (relative to the sync signals) and size are defined by several set-up parameters.
The size of the displayed part of the decoded image can be smaller than or equal to the size of the
decoded image.

Audio Post-Processing and Output

Audio is output as 16-, 18-, 20- or 24-bit, two-channel PCM samples at 32, 44.1, 48 or 96 KHz with left
and right samples interleaved on a serial bus according t6Shw EIAJ standards. Post-processing of
the decoded audio and one stereo digital audio input, suitable for Karaoke and similar applications, is,
supported. Audio coded data or reconstructed data can be output on a single line using an interna
(o]
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S/PDIF transmitter. When the source material is multi-channel audio, six (or eight) channel output (on
three or four lines) is supported.

1.1 Feature List

» Decoding

« Single chip solution for playback of DVD, VideoCD, CD-I (FMV), and CD-DA, and decoding of
MPEG-1 (ISO 11172-1,2,3) or MPEG-2 (ISO 13818-1,2,3) system bitstreams including video, audi
and synchronization of video and audio. :

* Decryption and authentication (if necessary) of encrypted DVD content.
» Decoding and display of high resolution MPEG-1 still image sequences.
» DOLBY-certified decoding of AC-3 multi-channel audio with optional down-mixing to two channels. O
» Decoding of MPEG-1 and MPEG-2 Layer Il mono or stereo audio.

pue Arejalidold

o
* PCM audio playback from DVD, VideoCD, and CD-DA discs. S
« Decoding and playback of sub-picture (including Highlight), and closed captions (‘line 21’) data froni=
DVD discs.
» Display

« Interlaced video output.
* NTSC and PAL standards. NTSC <-> PAL conversion.

» Post Processing

» Karaoke mixing of decoded audio and two channels of input audio.

» On-chip OSD engine with two 16-color (24-bit YUV) palettes, each with four levels of transparency;
capability of blinking lines and vertical scrolling.

» On-screen and off-screen OSD memory regions (dual-plane) for animation support.
 Horizontal and vertical up- and down-scaling with bilinear vertical and horizontal interpolation.
« Display aspect ratio conversion (16:9 <-> 4.3)

» Automatic frame rate conversion (e.g. 3/2 pull down, NTSC <-> PAL frame rates).

» EIA-608 compatible modulation of line 21 (NTSC) or line 22 (PAL) closed captions data over the
video output.

uonewioyu| renuap
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* Interfaces

* 8-bit CCIR 656 (with or without SAV and EAV information) or 16-bit CCIR 601 YUV 4:2:2 video 8
output.

* Externally or internally generated video sync signals and internally generated audio port clock sigrmals.
« 16/18/20/24-bit4S or EIAJ serial audio outputs.

« 2 to 8 channels audio output.

» S/PDIF output for compressed or (2 channel) reconstructed audio (according to IEC 958).
« Dual protocol, dual width (8/16-bit) host interface.

» Multiple-event, maskable interrupt request.

* VMI 1.4 bus compliance.

» Single 16-Mbit SDRAM (-10 speed) for all image sizes and formats.

* Direct interface to DVD-ROM drive controllers via DVD-DSP or CD-DSP interface.

d

+ Miscellaneous

« Transfer to host of DVD navigation data, user data embedded in the MPEG video sequence, or
navigation file sectors (VMGI, VTSI).

* Block decoding and error correction of auxiliary data sectors (e.g. directories and play lists) of
VideoCD discs.

» Special operating modes: slow motion, fast search, etc.
» On-chip PLL for maximum audio-video synchronization.
* Picture-in-picture support.

« Optional support for external OSD devices.

* Physical Features
* Single 3.3 Volt supply.
+ 160 pin, TQFP package.
» TTL I/O levels. Supports 5V input levels.
* Single 27 MHz crystal/clock input.
« 3-layer metal, 0.35 micron technology.
» 1.0 W power consumption during operation.
» <90 mW power consumption during stand-by.

uolewJolu| [enuapiuod pue Arela

1.2 Typical Applications

« Stand-alone DVD players.
« DVD PC add-in cards.
« Digital broadcasting receivers (set-top boxes).
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2. Notations and Conventions

2.1 Notations

 External signalsEXTERNAL, SIGNAL#, Y[7:0]

* Internal variables, signals and statu&RIABLE , SCLK, DVPVAL, STATUSO

» Operating statestate Idle

* Active-low mark: #

 Configurable parametersirstParameter, SecondParameter

» Host commandshost_command start

* Numbers:
Unmarked numbers are decimal (e.g., 365, 23.19).
Hexadecimahumbers are marked with a ‘0Ox’ prefix (e.g., 0xB00O, 0x3).
Binary numbers are marked with a ‘b’ suffix (e.g., 010b, 0000110100011b).
One-bit binary numbers (0 or 1) do not have the ‘b’ suffix.

» Math expressions: usually following the C syntax, except for the equality mark.

2.2 Definitions

« Leadingedgeof a signal, is the edge at the start of the active period of the signal. For active high

signals, the leading edge is the rising edge. For active low signals the leading edge is the falling ed

* Trailing edgeof a signal, is the edge at the end of the active period of the signal. For active high

GJu| [enuapyuo) pue Arelaiidoid

=

signals, the trailing edge is the falling edge. For active low signals the trailing edge is the rising edgeB

 Setandresetare used (as verbs) with the usual meaning according to the c@igaxtis used also as
a verb denoting setting of a binary value to 0.

e

* Displayframehas the same meaning as in standard video. The display frame structure is mterlaced@

is composed of two consecutive fields, Field | and Field Il defined below.

>

» Frame(source, coded or reconstructed) can be either progressive or interlaced. The MPEG-1 standard
specifies compression and decompression of a sequence of progressive frames only. The MPEG-2
standard specifies compression and decompression of a sequence of frames which can be either
progressive or interlaced. Each frame (even a progressive frame) is divided into two fields, top field
and bottom field as defined below. The pairing of the top and bottom fields with Field | and Field Il can

be selected once for a bitstream.

« Pictureis the basic unit of a coded frame sequence. For MPEG-1, a picture contains the coded d@ta of
one (progressive) frame. Note that the notion of frame is not used in the MPEG-1 specs, and plcfP.lre is
synonymous with frame. For MPEG-2, each frame is coded either as a frame picture or as a palrcof
field pictures where one contains coded data of the top field and the other contains data of the battom

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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field. Note that the order of the two field pictures in a frame needs not to be the same for different J
frames in the bitstream. -~

» Format(of a frame or of a picture) defines the number of color components, the color space, the o
relative horizontal and vertical size of the components (sub-sampling, or decimation), the relativ@‘
location of the samples of the components and the representation (number of bits) of the samplesg-
each component. The number of components for all formats defined in this specification is 3, the E‘Qr
space is Y, U and V, and the representation of each sample is 8 bits, unsigned integer. Q)

* CCIR (4:2:2) format The U and V are decimated two-to-one horizontally. The U and V samples<_‘
are situated with alternate Y samples (see Figure 3).

* MPEG-1 format The U and V are decimated two-to-one both horizontally and vertically. The LQJ
and V samples are situated in the middle between four Y samples (see Figure 4 and Figure 6]

* MPEG-2 format The U and V are decimated two-to-one both horizontally and vertically. The (@}

and V samples are situated in the middle (vertically) between alternate pairs of Y samples (seeﬁﬁ;-
ure 5, Figure 7 and Figure 8).

0]

+ Size(of a frame or of a picture) is measured in the number of Y samples per line and number of th
lines. e

* SIF-NTSC sizés 240 lines by 352 pixels. For example, a SIF-NTSC size picture in MPEG-1 or
MPEG-2 format has 240 lines by 352 samples/line of Y and 120 lines by 176 samples/line of
and V.

* SIF-PAL sizas 288 lines by 352 pixels. For example, a SIF-PAL size picture in MPEG-1 or &

Jsp

MPEG-2 format has 288 lines by 352 samples/line of Y and 144 lines by 176 samples/line of
and V.

* Half D1-NTSC sizés 480 lines by 352 pixels. For example, a Half D1-NTSC size picture in -
MPEG-2 format has 480 lines by 352 samples/line of Y and 240 lines by 176 samples/line of
and V. —
 Half D1-PAL sizds 576 lines by 352 pixels. For example, a Half D1-PAL size picture MPEG-2
format has 576 lines by 352 samples/line of Y and 288 lines by 176 samples/line of U and V.
* CCIR-NTSC siz&s 480 lines by 704 (or 720) pixels. ,Q_Jb
* CCIR-PAL sizas 576 lines by 704 (or 720) pixels. 5
-

« Field | andField Il: Since an interlaced display frame has, usually, an odd number of lines, there is a
difference in the arrangement of synchronization signals of two consecutive fields. The field which
starts with the Vertical SynchronizatiogYNQ signal which is activated in the “middle” of the line,
between two consecutive Horizontal Synchronization sigh##’'(NCs) is designated Field Il. The
other field is designated Field I.

« Top fieldandbottom field The display frame is divided into two fields of alternating lines. The field
that includes the top line is designated the top field. The other field is called the bottom field. o

» The input to the decoder is a bitstream. The bitstream is either an MPEG-1 system multiplexed 9
bitstream, an MPEG-2 system multiplexed bitstream or a PCM audio bitstream. An MPEG syster%
multiplexed bitstream includes several types of (elementary) streams (video, audio, privatel, private2

and padding). A video stream within an MPEG system multiplexed bitstream includes the coded {fata
[(e]
(o]
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for one or more video sequences. A video sequence includes one or more pictures. An audio strearn(J
within an MPEG system multiplexed bitstream includes the coded data for one or more audio framess

* RESET - The interval between activation and de-activation dRERET#signal provided that it is
longer than 16@CLK periods. Also, the act of activating tRESET#signal for at least 16GCLK
periods and then de-activating the signal.

« STNDBY - The interval between activation and de-activation oS(iRDBY#signal.
» Word - Two bytes unless specified otherwise.

Areyaudo

2.3 Specifications

* VideoCD specs - White book, version 2.0 dated July 1994.

* CD-I (FMV) specs - Green book, dated March 1993, Chapter IX.

» DVD specs - Version 1.0, dated August 1996, and Supplemental Information, dated December 1998.
» Dolby AC-3 specs - ATSC DOC A-52, dated December 1995.

» Dolby AC-3 Licensing Manual, Version 1.0, dated October 1995.

* Line 21 (closed captions) specs - EIA-608, dated October 1994.

» S/PDIF specs - IEC 958, Digital audio interface, 1989.

« Video Module Interface specs - VMI Version 1.4.

* Video Interface Port specs - VIP Version 1.1, dated January 1997.

2.4 Acronyms

* M.s. - most significant.

* |.s. - least significant.

« ADP - The “Audio Data Processor” uhiwithin theZR3671Q

* DVP - The “Demultiplexer and Video Processor” Gniithin theZR3671Q

uolewJou| fenuapiuod pue

1. The ADP consists of the audio “Parse and Decode” and “Post-process” blocks shown in Figure 2. The functio@ality
of the ADP is configurable through dedicated ADP microcode, ADP commands and host commands as expla@ed
throughout this document.

2. The DVP consists of the video “Decryption & Demux” and “Parse and Decode” blocks shown in Figure 2. The%nc-
tionality of the DVP is configurable through dedicated DVP microcode, set-up parameters and host commandms

explained throughout this document. @
oo
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FIGURE 3. CCIR size, 4:2:2 format
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| Y Samples

= U and V Samples

FIGURE 4. SIF size, MPEG-1 format, on CCIR size grid
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| Y Samples

= U and V Samples

FIGURE 5. SIF size, MPEG-2 format, on CCIR size grid
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[ | Y Samples

= U and V Samples

FIGURE 6. CCIR size, MPEG-1 format
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FIGURE 7. Half D1 size, MPEG-2 format, on CCIR grid
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[ | Y Samples

= U and V Samples

FIGURE 8. CCIR size, MPEG-2 format
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3. Pin Description

0id

The ZR36710 has 160 pins: 121 functional signals, 3 test signals, and 35 power signals (see the 5
following figures). The table below lists the pins and their functions. Note that some of the functional =3
pins may have a second function dedicated for testing which is not described here. Following is the table(D

legend:

| - standard input-only. O - standard active driver3-S- bi-directional 1/O pin, with a 3-state option.
ZR36710Pin Description

TABLE 1.

Symbol

| Type |Direction |

Description

Host Interface and CD-DSP Interface (32 pins)

RESET# | | Reset input (active low). Once de-asserted, the ZR36710initialization process begins.

STNDBY# | | Stand-by input (active low). When asserted together with RESET#, all outputs and bidi-
rectional pins float, such that the ZR36710is electrically disconnected from its sur-
roundings. All internal clocks are disabled, and the power consumption is minimized.

IDLE 3-S O reset, init_pclk , init_display and Idle state indication output (active high).

HWID | | Determines the width of the host interface data bus. It is allowed to be changed only
during RESET. A low level (GND) configures the ZR36710to 8-bit host interface, a high
level (Vpp) to 16-bit width.

HORD | | Determines the order of bytes on the host interface data bus in the case of 16-bit width
(HWID at Vpp). Itis allowed to be changed only during RESET. A low level (GND) con-
figures the ZR36710to input/output the m.s. byte on HD[15:8], a high level (Vpp) to
input/output the m.s. byte on HD[7:0]. If HWID is at GND level, connect to GND.

HTYPE | | Determines the protocol of the host bus. Can be changed only during RESET. A low
level (GND) sets the ZR36710to Type A2, a high level (Vpp) to Type B2.

HD[7:0] 3-S /0 8 |.s. data lines of host data bus. When the HWID input is connected to GND, only
these 8 |.s. signals are defined as host data signals. When HWID is connected to Vpp,
these are the 8 I.s. lines of the 16-bit bus.

HD[11:8] 3-S 110 When HWID is tied to Vpp, these are data lines 11:8 of the 16-bit host data bus. When
HWID is tied to GND, these are reserved pins.

HD[15:12] 3-S 110 When HWID is tied to Vpp, these are data lines 15:12 of the 16-bit host data bus.
When HWID is tied to GND, these are the CD-DSP serial input port pins, defined as fol-
lows:

CDCLK (HD[12]) | | CD-DSP bit clock input

CDDAT (HD[13]) | | CD-DSP data input

CDFRM (HD[14]) | | CD-DSP left/right channel frame input

ZORAN Corporation
Phone (408) 919-4111

3112 Scott Blvd., Santa Clara, CA 95054
Fax (408) 919-4122
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TABLE 1. ZR36710Pin Description

Symbol Type Direction Description

Host Interface and CD-DSP Interface (32 pins)...continued.

HA[3:0] | | Host address inputs. These input signals indicate the register accessed in every cycle
on the host interface.

HCS# | | Host chip-select input. Active low.

HWR# (HR/W#) | | In host protocol Type A2 (HTYPE = GND): HR/W#. This input determines the direction

of the host access.
In host protocol Type B2 (HTYPE = Vpp): HWR#. Host write input (active low).

HRD# (HDS#) | | In host protocol Type A% (HTYPE = GND): HDS#. Data strobe input (active low).
In host protocol Type B2 (HTYPE = Vpp): HRD#. Host read input (active low.)
HRDY 3-S O Host ready output (active high). When this signal is high, up to CodBurstLen? bytes of

bitstream can be written to the ZR36710with no need to poll its condition in between.
When HRDY is deactivated during a host access, the host may write up to two addi-
tional bytes of bitstream without corrupting the data.

When this signal is active, it is 3-stated (needs external pull-up resistor).

HIRQ# 3-S O Interrupt request (active low). This output signal requests an interrupt from the host
controller. It is de-asserted if the host reads the interrupt status register, disables the
interrupt, or toggles the ZR36710in and out of RESET.

When this signal is not active, it is 3-stated (needs external pull-up resistor).

HACK# 3-S O Host acknowledge output (active low). In protocol Type A2, the ZR36710indicates that
a read or write cycle is completed by asserting this output. In protocol Type B2, this sig-
nal is used by the ZR36710 to indicate a “wait” state that may be used by “fast” hosts.

In protocol Type B the host may ignore the HACK# signal.

When this signal is not active, it is 3-stated (needs external pull-up resistor).

GPI/O Signals (4 pins)

GPAI/O[1:0] 3-S 1/0 General purpose input/output pins, monitored/controlled by the ADP microcode. After
RESET, these pins are defined as inputs. Their definition can be configured through
ADP commands.

GPSI | | General purpose input, monitored by the DVP microcode.

GPSO (0] O General purpose output, controlled by the DVP microcode.

PLL Signals (6 pins)

GCLK | | 27.000MHz clock or crystal input for main processing clock generation.

GCLK1 | | 27.000MHz clock input for audio master clock generation. In normal operation must be
connected to GCLK.

X0 (0] O Output to a crystal that is connected to GCLK. If a crystal is not used at GCLK, XO
must be left not connected.

PLLCA PLL Capacitor. In normal operation must be connected to PLLGND through a 47nF
capacitor.

PLLCFG[1:0] | | PLL configuration inputs. Allowed to be changed only during RESET. In normal opera-

tion both pins must be connected to (digital) GND.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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TABLE 1. ZR36710Pin Description
Symbol Type Direction Description

Digital Video Port (24pins)

Y[7:0] 3-S O In 16-bit video mode (Video8b = 0) these lines are the luminance outputs. In 8-bit mode
(Video8 = 1) they are luminance/chrominance outputs, multiplexed in time according to
the CCIR656 standard (with or without SAV and EAV sync codes).

C[7:0] 3-S /0 In 16-bit video mode (Video8b = 0) these lines are the chrominance outputs. In 8-bit
mode (Video8 = 1) the 3 m.s. lines (C[7.5]) are not used, and the 5 I.s. lines (C[4:0])
are defined as possible inputs from an external OSD device:

OSDPEL[3:0] OSD pixel value inputs. These four signals are sampled and used as an entry to an on-

(C[3:0]) chip OSD palette.

OSDPLT (C[4]) On-chip OSD palette selector. A low level selects OSDPalette®, a high level selects
OSDPalette1®.

VCLKx2 3-S /0 Main video clock input or output. 27.000MHz.

VCLK 3-S /0 A division by two of the VCLKx2 signal. This signal is used as data and sync qualifier.

HSYNC 3-S /0 Horizontal sync input/output. Polarity and duration are programmable.

VSYNC 3-S /0 Vertical sync input/output. Polarity and duration are programmable.

Fi 3-S 110 Field indication input/output. Polarity is programmable.

CBLANK (0] (@) Composite blank output. Waveform, including polarity, is programmable.

VMASTER | | Video master/slave selection input. When this input is high, the ZR36710is the video
sync master (video SYNC signals and clocks are output). When it is low, the ZR36710
is a video Sync slave (video SYNC signals and clocks are input). This input may be
changed only during RESET.

VDEN# | | Video enable input (active low). When this input is active, the ZR36710may output
video data. When it is deasserted, the ZR367103-states the pixel outputs (although the
sync signals and clocks are still active). This input may be changed at any time, taking
effect at the next VCLKx2.

Digital Audio Port (8 pins)

AMCLK 3-S 110 Audio Master Clock input/output. 384, 256, 192 or 128 times the sampling frequency
(programmable).

S/PDIF (AOUT[3]) (0] (@) S/PDIF transmitter output for digital coded or reconstructed audio data. Alternately can
be used as a fourth audio output. After RESET this pin outputs low level.

AOUT[2:0] (0] (@) Audio serial data output lines, 2 channels per line. After RESET these pins output low
level until audio playback is performed.

AIN | | Serial input of digital stereo audio.

ALRCLK (0] O Digital audio left/right select output for the audio port. Square wave, at the sampling
frequency. Programmable polarity interpretation for input and output.

ABCLK (0] O Digital audio bit-clock output. Data on AOUT and AIN is output or latched, respectively,
with the rising or falling edge of this clock. Data on AOUT and AIN can be latched on
different edges of ABCLK .

ZORAN Corporation
Phone (408) 919-4111
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TABLE 1. ZR36710Pin Description

Symbol Type Direction Description

DVD-DSP Interface (12 pins)

DVDREQ (0] (@) DVD-DSP data request output. Programmable polarity.
DVDVALID | | DVD-DSP data valid input. Programmable polarity.

DVDSOS | | DVD-DSP start of sector input. Programmable polarity.
DVDDAT[7:0] | | DVD-DSP data input bus.

DVDSTRB | | DVD-DSP data bit strobe (clock) input. Programmable polarity.

SDRAM Interface (35 pins)

RAMDAT/[15:0] 3-S I/0 SDRAM bidirectional data bus.

RAMADD(11:0] O (0] SDRAM address bus output.

RAMRAS# (0] (@) SDRAM row select (active low) output.

RAMCAS# (0] O SDRAM column select (active low) output.

PCLK (0] (@) SDRAM clock output (Same as internal processing clock).
RAMDOM (0] (@) SDRAM data masking (active high) output.

RAMCSO0# (0] O SDRAM chip select (active low) output for the lower 2MByte device.
RAMCS1# (0] (@) SDRAM chip select (active low) output for the upper 2MByte device.
RAMWE# (0] (@) SDRAM write enable (active low) output.

Test Signals (3 pins)

SCNENBL | | In normal operation this pin must be connected directly to GND.
TESTMODE | | In normal operation this pin must be connected directly to Vpp.
ICEMODE | | In normal operation this pin must be connected directly to Vpp.

Power Signals (35 pins)

uonewJoju| renuapyuo) pue Arelalidoid

GND ground Digital ground.

Vop power Digital power supply (3.3V).

PLLGND ground Ground plane of internal PLL circuit.

PLLV pp power Power supply for internal PLL circuit (3.3V).

a. See Section 4.3.2 “Protocol of Host Transfers - HTYPE” for an explanation on Type A and B host bus protocols.
b. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1"for an explanation on loading set-up parameters to
theZR3671Q
Pin assignment and signal status during RESET, STNDBY and after RESET are described in Section 13@
“Annex B: Pin Assignment and Signal Status”.

866T 199010
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FIGURE 10. External Interface Signals
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4. Hardware Interfaces

Table 1 shows that the pins of tHR36710are grouped into various interfaces. These interfaces are
grouped as follows:

* SDRAM interface.

» Phase-locked loop interface.

 Host bus interface.

» DVD-DSP and CD-DSP interfaces.

« Video bus interface.

* Audio bus interface.

This section explains these interfaces.

4.1 SDRAM Interface

The SDRAM interface consists of:

« 16-bit bidirectional data bURAMDAT[15:0]
* 12-bit address buRAMADDI[11:0]
* one clock output lin®CLK

* 6-signal output control blRAMDQM, RAMCS0# RAMCS1# RAMRAS#, RAMCAS#nd
RAMWE#

The write and read operations are in the “fast page” modeZRB&710indicates a write operation by
activating theRAMWE# signal, otherwise the operation is read. TiE line of the SDRAM devices
should be connected Y0,p. Refresh operations are also handled by the device.

The NumDRAMDev bit in the SysConfigt set-up parameter allows the host to indicate taZR@6710
the number of 16M SDRAMs used by the device:

* NumDRAMDev = 0, One SDRAM.
e NumDRAMDev =1, Two SDRAMS.

uonewloju| renuapyuo) pue Areyandold

The detailed timing is given in Section 11. “DC and AC Characteristics”. The timing reflects the
requirement for a “-10” type or faster SDRAM. The SDRAM'’s internal structure must be two banks of
2048 rows by 256 cells each.

1370190

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioading;-set-up
parameters to theR3671Q Q
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4.2 Phase-Locked Loop Interface

The internal PLL circuitry of th&R36710uses two clock signal&CLK andGCLK1) to generate the
following two primary clocks of the device, from which several other clocks\€bK, VCLKx2) are
derived:

* PCLK - 81 MHz SDRAM clock and internal processing clock forZiR86710Q

* AMCLK - 128, 192, 256 or 384audio port clock, wherk (the PCM audio sampling rate) is either 32,
44.1 or 48 KHz as encoded in the audio stream. Note that this clock is an input after RESET, but

be changed to an output as explained in Section 4.6 “Audio Interface”.

Table 2 shows the configuration of these two clocks. These clocks are configured via the PLLTAB and

PLLCFG ADP commandsas shown in Table 2 . ThesPm! and DSPD! values of the PLLTAB
command, along wittsCLK, must guarantee RCLK of 81 MHz. If GCLK = 27 MHz, the default
values ofDSPM andDSPD will generatePCLK = 81 MHz and require no loading by the host.

The various combinations ofUDM!, AUDD' and SR* values in the PLLTAB ADP command have
default values after RESET for audio sampling rates of 32, 44.1 and 48 KHz fofsaARBBLK if
GCLK1 =27 MHz.AUDM andAUDD must be loaded by the host f&R = 3 (96 KHz).

Section 4.2.2 “Changing PLL Values” explains when these clocks can/must be changed.

TABLE 2. PCLK and AMCLK Configuration
Clock Pin Equations Restrictions
PCLK PCLK = GCLK x DSPM | DSPD 1 <= DSPM <= 255, 1 <= DSPD <= 63.
GCLK =27 MHz. 8 MHz <= GCLK <= 50 MHz.
DSPM = 3 default after RESET.
PCLK = GCLK during RESET. DSPD = 1 default after RESET.
AMCLK f¢=32.0KHz: AMCLK = GCLK1 x AUDM /AUDD, SR =2 1 <= AUDM, AUDD <= 8191.
f¢=44.1KHz: AMCLK = GCLK1 x AUDM /AUDD, SR =1 8 MHz <= GCLK1 <= 50 MHz.

f¢=48.0KHz: AMCLK = GCLK1 x AUDM /AUDD, SR=0
fs=96.0KHz: AMCLK = GCLK1 x AUDM /AUDD, SR =3 AUDM and AUDD are automatically loaded after
GCLK1 =27 MHz (tied to GCLK) is highly recommended. RESET for SR=0, 1 and 2 for an AMCLK = 256/ if
GCLK1 =27 MHz.

AMCLK = GCLK1 | 4 during RESET.

AMCLK = GCLK1 x AUDM / AUDD for SR = 0 after RESET.

The SR! value of the PLLCFG ADP command is used to select which setUsiv and AUDD
parameters are to be used. The values allowed are shown in Table 3 . After RESETF; theselecting
AMCLK = 256 x 48 KHz.

1. See Section 12.4 “Set-up Commands” for an explanation on changP@ltkeandAMCLK frequencies via the
PLLCFG and PLLTAB ADP commands.
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TABLE 3. Selection of Sampling Frequency and AMCLK via SR of the PLLCFG ADP Command

Value Action
SR =000b The AUDM and AUDD values associated with a 48 KHz sampling rate are used (default after RESET).
SR =001b The AUDM and AUDD values associated with a 44.1 KHz sampling rate are used.
SR =010b The AUDM and AUDD values associated with a 32 KHz sampling rate are used.
SR =011b The AUDM and AUDD values associated with a 96 KHz sampling rate are used.
SR=111b Automatic selection as explained in Section 4.2.3 “Automatic Selection of AMCLK”.

Figure 11 shows the recommended hardware configuration for both crystal (first and third overtone
crystals) and TTL clock sources fGICLK andGCLK1 These clocks must be phase-locked for proper
operation of the device. A single clock source of 27 MHz is recommended.

27.0MHz

r GCLK1 GCLK1
I GCLK GCLK
[
27.0MHz 27.0MHz
X0 X0 NC —{ X0

GCLK1
GCLK

mﬂﬁ

30pF 30pF 22pF
J_— PLLCA J_— PLLCA J_— PLLCA
47nF 47nF 47nF
PLLGND PLLGND PLLGND

PLLCFG1 PLLCFG1 PLLCFG1

PLLCFGO PLLCFGO
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i_ PLLCFGO
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M

@) (b) c)

FIGURE 11. PLL Interface in normal operation, with a first harmonic crystal (a), with a third overtone crystal (b)
and with a clock (c). The crystal is parallel resonant.

4.2.1 PLL Initialization after RESET

Table 2 shows the valuesBELK andAMCLK during and after RESET, but there is a latency between
disabling RESET and when the PLL locks to these frequencies. This latency is reflected by the status o

866T ‘19900
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the PLLPLOCKED andPLLaLOCKED bits of the Interrupt Status Register, or {SRs shown in
Table 4 . TheC-STATE bits of theSTATUSC? register also reflect the latency of lockiRGLK.

TABLE 4. PCLK and AMCLK Locking after RESET
Clock Pin Unlocked Locked
PCLK PLLpLOCKED =0 PLLpLOCKED =1
C-STATE = 00 0000b (reset) C-STATE = 00 0010b (init_pclk )
AMCLK PLLaLOCKED =0 PLLaLOCKED =1

4.2.2 Changing PLL Values

Any of the following conditions would require a change to one or more abs#1, DSPD, AUDM,
AUDD and SR values since their default values would be obsolete:
* GCLK s not 27 MHz (thu®#CLK would not default to the required 81 MHz).
* GCLK1is not 27 MHz (thuAMCLK would not default to 25§.
* The external audio DAC(s) must use a sampling clock of,128%,, or 384, rather than 25¢
» The sampling rate of the audio is not 48 KHz.

4.2.21 Changing PCLK

Changes to th®SPM and/orDSPD values should only be done once, immediately after RESET. The
DS value of the PLLCFG ADP command must be set to 1 to infi&teK re-locking. Any changes will
clear thePLLpLOCKED bit of the ISR temporarily whilPCLK re-locks. Onc&CLK is re-locked, the
PLLpLOCKED bhit will be set to 1.

4.2.2.2 Changing AMCLK

Changes to thauDM, AUDD and/orSR values can be done at any time after RESET. Ahealue of
the PLLCFG ADP command must be set to 1 to initkléCLK re-locking (unless SR = 111b). Any
changes will clear th&LLaLOCKED bit of the ISR temporarily whillAMCLK re-locks. Once
AMCLK is re-locked, th®LLaLOCKED bit will be set to 1.

If GCLK1 =27 MHz,AMCLK = 2564 andfg = 32, 44.1 or 48 KHz, only thér value of the PLLCFG
ADP command needs to be changed since defautM and AUDD values already exist for these
sampling frequencies. No PLLTAB ADP command needs to be sent.

4.2.3 Automatic Selection of AMCLK

If SR=111b (of the PLLCFG ADP command), the PLL circuitry will automatically select which set of

AUDM and AUDD parameters to use, depending on the sampling rate of the audio data. If the device

automatically switches between sets of validd,aLOCKED will be cleared for up to 50ms while the

1. See Section 5.2 “Interrupt Status and Mask Registers, Reg. 0x2” for an explanation on reading ISR bits.

2. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register
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PLL re-locksAMCLK. OnceAMCLK is re-lockedPLLaLOCKED is set to 1. TheS value of the
PLLCFG ADP command does not need to be set to 1 if automatic selection is used.

o
—_
@)
4.3 Host Bus Interface g
@

The ZR36710s host bus is the primary interface to the host controller through which the host controls
and monitors the operation of the device. The host interface is designed for asynchronous operatlonQJ
Features of the host interface include:

« Selectable 8-bit or 16-bit data bus with selectable byte-ordering for the 16-bit data bus.

* 4-bit address bus and single-line chip select that allows the host to communicate with 16 addressesile
16-bit locations (either one 16-bit transfer or two 8-bit transfers, depending on the data bus Width)Q

« Selectable transfer protocol - Type A or Type B.
* One IRQ line allows th&R36710to interrupt the host controller on a number of events.

« A data request line that allows tAR36710to request coded bitstream data from the host (if the DV
DSP and CD-DSP interfaces are disabled).

Lil?/(

Lﬂ):)

m—y
» Two dedicated ADP 1/O lines which may be used as general purpose I/O lines (if the ADP mlcroc&
allows such usage). D
» Two dedicated DVP 1/O lines, one for input and the other for output. -
~—+
Data Bus -
- | HD[15:0] or HD[7:0] —
Address Bus )
P HA[3:0] 5"!
Chip Select
porer - HCS# -
Read/Write or Write 3
P HR/W# or HWR# HWID QJ
Strobe or Read p| HDS# or HRD# —
Acknowledge <@~ HORD @)
Host [ 2 HACK# ZR36710 =
Interrupt Request
¢ HIRQ# <& HTYPE
< Coded Data Request HRDY
< General Purpose I/O | GPAIO[L:0]
DVP Input Line N
b | GPSI
DVP Output Line
< P GPSO o
o
* These pins may also be connected to other components in the system other than the host bus interface g
P
FIGURE 12. Host Interface Signals §
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4.3.1 Width and Byte Ordering of the Host Data Bus -  HWID and HORD

TheHWID andHORD pins select the data bus width and byte-ordering as shown in Table 5 .

TABLE 5. HWID and HORD Selection of Data Bus Width and Byte-Ordering
HWID HORD Data Bus Width and Byte-Ordering
GND GND 8-bit data bus using only HD[7:0].
GND Vpp lllegal configuration. Do not use.
Vbp GND 16-bit data bus, m.s. byte on HD[15:8], |.s. byte on HD[7:0].
Vpp Vpp 16-bit data bus, m.s. byte on HD[7:0], |.s. byte on HD[15:8].

When the 8-bit mode is selected, thB[15:8] signals are not used for the host bus and can be used for
a serial CD-DSP interface (see Section 4.4.2 “CD-DSP Serial Data Interface”).

4.3.2 Protocol of Host Transfers - HTYPE

The ZR36710 supports two types of host protocols, Type A and Type B. The valid protocol is
determined by th&lTYPE input pin. Pins 27 and 30 have dual-functionality that is dependent on the
host protocol as shown in Table 6 .

TABLE 6. HTYPE and Functionality of Pins 27 and 30

I HTYPE Protocol Pin Definition I
| GND Type A Pin 27 is HR/W#. Pin 30 is HDS#. |
| Vvoo Type B Pin 27 is HWR# Pin 30 is HRD#. i
4.3.2.1 Host Protocol Type A

This protocol supports hosts that have a single read-write signal (direction selector) and a data strobe

signal. It also complies with host interface Mode A of the VMI Specification Version 1.4. Figure 13
illustrates the timing of the Type A host-write and host-read cycles.

TABLE 7. Type A Transfers

Direction
Write

Sequence of Type A Handshakes

. Host asserts HCS#, HR/W# (low), selects an address on HA[3:0] and places data on HD lines.

. Host asserts HDS#, indicating to the ZR36710that data is valid.

. ZR36710latches-in the data and then asserts HACK# in response to HDS# assertion.

. Host de-asserts HDS# and ceases to drive the HD lines in response to HACK# assertion.

. ZR36710de-asserts HACK# in response to HDS# de-assertion.

. Host asserts HCS#, HR/W# (high) and selects an address on HA[3:0] .

. Host asserts HDS#, indicating to the ZR36710that it requests data.

. ZR36710places the data on the HD lines and then asserts HACK# in response to HDS# assertion.
. Host de-asserts HDS# upon latching-in the data on the HD lines.

. ZR36710de-asserts HACK# in response to HDS# de-assertion and ceases to drive the HD lines.

Read

g b WO N PRP|IO D WOWDN PR
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Type A Host Write

:
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HCsH \ A
hazo] X A<
N A L]
—H ./

= —

data valid ¢ data valid

HDS#

HACK#

HD[15:0]

Type A Host Read

HCS# \ A /
HA[3:0] X XX X

HR/W#
HDS# \

HACK#

HD[15:0]

FIGURE 13. Host interface protocol -Type A. HD[15:0] can also be HD[7:0] for 8-bit interface.
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4.3.2.2 Host Protocol Type B

This protocol supports hosts that have two separate signals for read and write and do not use a data
strobe signal. It also complies with host interface mode B of the VMI Specification Version 1.4. Figure
14 illustrates the timing of the Type B host-write and host-read cycles.

The usage oAACK# in this mode is optional, depending on the timing of the heBtR# andHRD#
cycles:

« If the hostHWR# andHRD# cycles meet the minimum duration according ta2R86710timing, the
host may ignorélACK# (which may be not connected).

« If the hostHWR# andHRD# cycles are faster than tA&®36710timing allows, therHACK# is used
as a dynamic wait-state request, holding off the completion ¢i¥iR# or HRD# cycle until the
ZR36710has time to latch data to/from the data bus. A fast host that follows the VMI 1.4
specifications may conneefACK# to the signal named READY in the VMI 1.4 specs.

TABLE 8. Type B Transfers
Direction Sequence of Type B Handshakes
Write 1. Host asserts HCS# and selects an address on HA[3:0] .

2. Host places data on HD lines and asserts HWR#.

3. ZR36710asserts HACK# upon sampling HWR# low.

4. ZR36710latches-in the data on the HD lines and de-asserts HACK#.
5. Host de-asserts HWR# and ceases to drive the HD lines.

Note: The host may ignore HACK# providing that HWR# meets minimum timing requirements.

Read . Host asserts HCS# and selects an address on HA[3:0] .

. Host asserts HRD#, indicating to the ZR36710that it requests data.
. ZR36710asserts HACK# upon sampling HRD# low.

. ZR36710places the data on the HD lines and de-asserts HACK#.

. Host latches-in the data on the HD lines and de-asserts HRD#.

. ZR36710ceases to drive the HD lines upon sampling HRD# high.

o 0O A W N B

Note: The host may ignore HACK# providing that HRD# meets minimum timing requirements.
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Type B Host Write

st M
HA[3:0] X Y&

HWR# —\ ;/—\

I
I
HACK# \ /1 \I
I
|
HD[15:0] —— X data valid from host (;)\ <datava|idfrom host >_
|

Type B Host Read

HCS# \

HA[3:0] A

AR\
XX
HRD# : /

HACK# \ / \I

I
I
I
I
<data out (;) > < data out

HD[15:0]

FIGURE 14. Host interface protocol -Type B. HD[15:0] can also be HD[7:0] for 8-bit interface.
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4.3.3 Address/Register Space and Register Access U
—
Table 9 provides a map of tAR36710host registers. The 4-bit address Bdi8[B3:0]) of theZR36710 @
allows for 16 addressable, 16-bit register locations. @)
TABLE 9. ZR36710Host Address Space C__; .
Address Read Register(16 bits) Write Register(16 bits) E;
0x0 Parameter Address Register Parameter Address Register —_—
0x1 Parameter Data Register Parameter Data Register <
0x2 Interrupt Status Register Interrupt Mask Register QJ
0x3 STATUSO Register Host Command Register 3
0x4 STATUS1 Register Coded Bitstream Register Q
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register O
0x7 Device ID Register Reserved O
0x8 ADP Status Register ADP Data Register 3
0x9 System Clock Register Reserved :h'
OxA NAV Data Register NAV Address Register Q
0xB Reserved OSD Address Register (D
0xC Sub-Picture Code Buffer Status Register OSD Data Register 2
0xD Video Code Buffer Status Register Reserved m
OxE Audio Code Buffer Status Register Reserved —
OxF Reserved Reserved 5
—

Complete 16-bit Transfers Per Register Access 2
Each write to/read from 2R36710register must be a complete 16-bit transfer. When the host data bus 3
is only 8-bits, every write to/read from ZR36710 register must consist of two consecutive byte- Q
accesses to the same address, m.s. byte first. After writing/reading the m.s byte to/from a particular —,
register, the host must not write to/read from a different address until having written/read the |.s. byte o
first. The only exception to this rule regards the Coded Bitstream Register as described below. -

Complete Accesses for Each Register

Each register must be completely accessed prior to accessing a different register. For example, if a
parameter requires that 16 words must be written to the Parameter Data Register, then all 16 words must
be written consecutively prior to access to a different register. The only exception to this rule regards the

Coded Bitstream Register which is explained below.

866T 1970100
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Exception: Coded Bitstream Register U

In 16-bit mode, code-writes to the Coded Bitstream Register can be done in the middle of transferring —
other types of data. For example, if a parameter that consists of 16 words is written to the Parameter Da
Register, one or more code words can be written to the Coded Bitstream Register after writing any =
partial number of the parameter words. Once access to the Coded Bitstream Register is complete, the?D
access to the previously-accessed register must resume.

1e]

In 8-bit mode, code-writes to the Coded Bitstream Register do not have to be complete 16-bit writes.
Odd-numbered byte transfers (including just a single byte) are allowed. Also, as with 16-bit transfers,\&Z
code-writes to the Coded Bitstream Register can be done in the middle of transferring other types of
data, but for 8-bit transfers the transfers do not need to be word-aligned.

4.3.4 Interrupt Signal - HIRQ#

TheZR36710has a single interrupt request outplilRQ#. This active-low signal is triggered upon one

or more events that occur within the device. Two host registers, the Interrupt Mask Register (IMR) and
Interrupt Status Register (ISR) reflect which event triggered the interrupt and allows selection of which
events can trigger an interrupt and which events cahIiliRQ# remains asserted until the host reads the
ISR.

Internal event causé$lRQ# to trigger.I Host reads ISR to clear interrLIth.

FIGURE 15. HIRQ# behavior

Section 5.2 “Interrupt Status and Mask Registers, Reg. 0x2" explains the IMR and ISR, including which
events are available to trigger interrupts.

uolew.ou| [enuapiuod pue

4.3.5 Coded Data Request for Host Bus Code Transfers -  HRDY

When the source of the coded bitstream is the host interdfamb$ource1 = 1), the host writes the
bitstream to the Coded Bitstream Register of2R86710Q

TheHRDY output pin indicates to the host if tHqR36710can be accessed with coded bitstream. A high
level onHRDY is interpreted by the host as follows: upCaBurstLen (valid values are 4, 8, 16, 32 or
64) code bytes can be written without having to chdBDY again. AfterHRDY is de-asserted, a

1. CodeSource andCodeBurstLen are bits of theSysConfig set-up parameter. See Section 5.1 “General Set-up
Parameters and Microcode - Reg. Ox0 and Ox1” for an explanation on loading set-up parametZR367the
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number of code bytes may be further written to ZRR8671Q such that the total number of bytes,
written since the last timedRDY was high, will becodBurstLen?.

HRDY h \
I

Up to CodBurstLen bytes may be written without checkiRRDY again.

FIGURE 16. HRDY behavior

HRDY operates the same way in both Type A and Type B protocols. Its level is also represented by the
HRDY bit in the STATUS1? register. It has a delay of BCLKs (74ns @ 81.0MHz) from the status
change in the buffer to the level change at the outputHRDY has no functionality for accesses to

other registers than the Coded Bitstream Register nor if the DVD-DSP (or CD-DSP) interface provides
the coded data. If the bitstream is provided via the DVD-DSP or CD-DSP inte#iRBY, will toggle
depending on the amount of data transferred to the device, but the signal does not need to be monitored.

Data is internally transferred from the Coded Bitstream Register to a code FIFO. If the host does not
monitor theHRDY pin orHRDY status bit then the host risks overwriting unused data within the FIFO,
causing bitstream errors.

Alternative: Using HACK# instead of HRDY in Type B Transfers to the Coded Bitstream Register

In some system designs that use the Coded Bitstream Register, polliigBhepin orHRDY status

bit may be inefficient and not a viable option. In this celeCK# is used to indicate when data can be
written to the coded bitstream register. This option is only available for Type B transfers and is enabled
by setting theHACKMode bit of the SysConfig* set-up parameter to 1.

uonewJoju| renuapyuo) pue Arelalidoid

For writes to the Coded Bitstream RegistéACK# operates as shown in Figure 14 whHiRDY is
high. If HRDY is low, HACK# will remain asserted untHRDY toggles high. The host should not
complete its write cycle (de-activatBVR#) until HACK# is de-activated.

Parameters and Microcode - Reg. Ox0 and Ox1” for an explanation on loading set-up parametZR367he

®)
Q
&
1. CodBurstLen andHACKMode are bits of theSysConfig set-up parameter. See Section 5.1 “General Set-up _LD
=
2. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register @s.
oo
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4.3.6 General Purpose Signals - GPAI/O[1:0], GPSI and GPSO

ld

The ZR36710has 4 general purpose signals. Two signals are available to the host as general purposeo
inputs and outputs programmable through the ADP while the remaining two are allocated as one mpu@
and one output available only to the DVP:

* GPAI/O[0] andGPAI/O[1]: programmable through the ADP.

* GPSlandGPSQ are an input and an output, respectively, of the DVP.

The SETIG ADP command determines the direction (either input or output) for each of the
GPAI/OJ[1:0] pins, allows setting the level (high or low) on the pin(s) designated as output(s) and returns
to the host the status level (high or low) on pin(s) designated as input(s).

If one or both of th&sPAI/O[1:0] pins is designated as an output, then when the status of the pin(s) is
returned to the host, this level reflects the output status.

4.4 DVD-DSP and CD-DSP Interfaces

TheZR36710has two input ports for interfacing to a DVD-DSP and/or CD-DSP device.

» A DVD-DSP parallel port for receiving coded data from a DVD-DSP device.

« A CD-DSP S serial port, for receiving CD disc data from a CD-DSP device (or a DVD-DSP that
emulates a CD-DSP).

The pins of the serial port are shared wiib[14:12]. If theZR36710is configured to receive data from
its DVD-DSP interface and also is configured for an 8-bit host data WD§14:12] are then
automatically defined as the CD-DSP serial port.

uonew.ou| [enuapiuod pue /(1919!

1. See Section 12.4 “Set-up Commands” for an explanation on configeiAYO[1:0] pins via ADP commands.
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4.4.1 DVD-DSP Parallel Data Interface

0id

The DVD-DSP interface is an 8-bit data port with a programmable synchronous or asynchronous 4-
signal control bus. This interface is compatible with several DVD-ROM controller chipsets. Supported U
disc sectors include DVD, VideoCD, CD-I (FMV) or CD-DA.

TABLE 10. DVD-DSP to ZR36710Handshake

Sequence of DVD-DSP Handshakes

. ZR36710asserts DVDREQ.

. DVD-DSP device places data on DVDDAT][7:0] lines.

. DVD-DSP device asserts DVDSOS if the data coincides with the start of a sector.

. DVD-DSP device asserts DVDVALID to indicate that the DVDDAT/[7:0] and DVDSOS lines contain valid information.
. DVD-DSP device asserts DVDSTRB to latch these signals into the ZR367100n the effective edge of DVDSTRB.

. While DVDREQ is asserted, steps 2 through 6 are repeated for continuous data transfer. Depending on the operation of the
DVD-DSP device, DVDVALID may be remain asserted during multiple transfers of data.

7. ZR36710de-asserts DVDREQ with only 8 bytes of room left in the ZR36710s internal code FIFO.
8. DVD-DSP device transfers up to 6 bytes as described in steps 2 through 6 to complete the transfer.

o O~ W NP

The cycle repeats when DVDREQ is re-asserted.
Restriction 1: CodeSource® = 0, IFMode® = 0, DVDReqgEnable® = 0 and CodBurstLen® = 16, 32 or 64.
Restriction 2: The minimum cycle of DVDSTRB is 45ns (allowing for data clocks of up to 21 MHz).

Note 1: DVDREQ is asserted when there is room for CodBurstLen bytes in the ZR36710internal code FIFO. The host has the option
of disabling DVDREQ by setting DVDReqEnable = 1.

Note 2: If DVDVALID is inactive when DVDSTRB is asserted, the information on all input signals is ignored.

Note 3: The above described behavior is for asynchronous operation (DVDREQSync? = 0) See below for details.

a. CodeSource andCodBurstLen are bits of theSysConfig set-up parametetFMode andDVDREQSync are bits of the
SDConfig set-up parameteRVDReqgEnable is a bit of thePlaybackMode set-up parameter. See Section 5.1 “General Set-up
Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on loading set-up parametgR367the

Some DVD-DSP devices generate a continuous cloclofdDSTRB and will qualify which pulses
contain valid data with thBVDVALID signal. In turn, some of these devices expect thdDYHeREQ
signal from theZR36710 is synchronized to this continuous clock. TREDREQSync bit of the
SDConfig1 set-up parameter, shown in Table 11 , selects whether or naR3&710 must generate
DVDREQ synchronized t®OVDSTRB.

uolew.ou| [renuapiuod pue Arelal
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1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioadinq—get-up
parameters to th#2R36710Q
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The active polarity of the control signals is programmable through various bits $bttmfig: set-up

parameter.
TABLE 11. Setting the active polarity of the DVD-DSP signals via the SDConfig set-up parameter
SDConfig (0x02)
15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0
DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap | res.

Reserved bits must be 0.

DVDREQSync 0 = DVDREQ operates asynchronously with DVDSTRB. Must be 0 if not applicable.
1 = DVDREQ is synchronized to DVDSTRB.
REQPol 0 = DVDREQ is active-low. Must be 0 if not applicable.
1 = DVDREQ is active-high.
VALIDPol 0 = DVDVALID is active-low. Must be 0 if not applicable.
1 = DVDVALID is active-high.
SOSPol 0 = DVDSOS is active-low. Must be 0 if not applicable.
1= DVDSOS is active-high.
STRBPol 0 = DVD-DSP signals are sampled on falling edge of DVDSTRB. Must be 0 if not applicable.

1 = DVD-DSP signals are sampled on rising edge of DVDSTRB.

Figure 17 depicts an example of a handshaking protocol betwegZR&&10and a DVD-DSP device.
Detailed timing is given in Section 11. “DC and AC Characteristics”.

uonewloju| renuapyuo) pue Areyandold
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1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioadiné-set-up
parameters to theR3671Q Q
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ovostre [\ \/ S\

DVDREQ |/ \ /

DVDVALID [ \ /

DVDDAT[7:0] X X X X X X

DVDSOS / \

In this example:
1. DVDSTRB is a clock signal.

2. The polarity of DVDSTRB is configured positive (ZR36710samples with the positive edge of
DVDSTRB).

3. The polarities of DVDVALID, DVDREQ and DVDSOS are configured positive, i.e.,
DVDVALID high means valid, DVDREQ high means data is requested and DVDSOS high
means start of sector.

4. The data source sends one additional code byte after the ZR36710de-asserts DVDREQ.

FIGURE 17. DVD-DSP Parallel Port (Handshaking Example)
4.4.2 CD-DSP Serial Data Interface

The CD-DSP interface is a 3-signal ser8 bort. This interface is compatible with several CD-ROM

controller chipsets and also with DVD-ROM controller chipsets that emulate this bus. Supported disc

sectors include VideoCD, CD-I (FMV) or CD-DA (no DVD support).

The three signals that make up the CD-DSP interfacE@FRM, CDDAT andCDCLK. The following
sub-sections explain each of these signals in detalil.
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4.4.2.1 CDFRM Signal

CDFRM is a frame synchronization input to tiR36710that helps identify the start of each 16-bit data
word transferred on theDDAT line. CDFRM changes its level every 16, 24 or BRCLK cycles as
selected by th€DPeriod bits in theSDConfig* set-up parameter.

A CDFRM period consists of a compleBDFRM transition cycle (from rising edge to rising edge) so
the period length is either 32, 48 or6BCLK cycles.

For CD-DA data, DVP microcode determines which polarityC&FRM indicates the left and right
channels. For left channel audio to be presented V@LIERM is low, one version of microcode is
required. For right channel audio to be presented wWbidd&-RM is low, a different microcode is
required. Refer to microcode release notes for further details.

TABLE 12. Configuring CDFRM via the SDConfig set-up parameter

SDConfig (0x02)

15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0

DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap

=

es.

Reserved bits must be 0.

CDPeriod 00b = CDFRM period is 32 CDCLK cycles. Must be 00b if not applicable.
01b = CDFRM period is 48 CDCLK cycles.

10b = CDFRM period is 64 CDCLK cycles.

11b = Reserved, do not use.

4.4.2.2 CDDAT Signal

CDDAT is the data line in which data is organized in 16-bit words. Each word is aligned between two

transitions (during the tim&DFRM is either high or low without changing state) of @@FRM signal.

For both VideoCD and CD-DA data, DVP microcode determine both the bit and byte order. For

example, a version of DVP microcode may determine that for VideoCD dafzZR86¥10is expecting
the data I.s. byte first and for each of the two bytes m.s. bit first and for CD-DA dazR36&10is

wioju| renuapuyuo) pue Arelalidoid

expecting the data m.s. byte first and for each of the two bytes m.s. bit first. If the data is presented to the)

ZR36710in the wrong bit order, then th@DBitSwap bit of the SDConfig set-up parameter can be set to

swap the bit order as shown in Table 13 . Bit-swapping from I.s. significant to m.s. significant is done on

the entire 16-bit word and not for each individual byte, effectively performing byte-swapping as well.

The 16 bits are either left-justified (immediately after the transition dEBERM signal), oneCDCLK
cycle after the transition of tteDFRM signal, or right-justified, as specified by tb®Just bits in the
SDConfig set-up parameter.

Note that if the first bit appears o@DCLK cycle after the transition of tHeDFRM signal and the
period of theCDFRM signal is 32CDCLK cycles, the last bit of the word will appear after the next
transition of theCDFRM signal.

1370190

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioadingi-get-up

parameters and microcode to #iR3671Q
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TABLE 13. Configuring CDDAT via the SDConfig set-up parameter

SDConfig (0x02)

15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0
DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap

=

es.

Reserved bits must be 0.

CDJust 00b = CDDAT data is left-justified. Must be 00b if not applicable.
01b = CDDAT data is left-justified with one CDCLK cycle delay.
10b = CDDAT data is right-justified.

11b = Reserved, do not use.

CDBitSwap 0 = No bit swapping on CD-DSP interface. Must be 0 if not applicable.
1 = Bit swapping (reverse order |.s. to m.s.) per word on CD-DSP interface.

4.4.2.3 CDCLK Signal

CDCLK is the clock signal used to latch @®DAT andCDFRM signals into th&R3671Q The edge
(rising or falling) that is used to latch these signals is specified bgrelge bit in theSDConfig1 set-
up parameter.

TABLE 14. Configuring CDCLK via the SDConfig set-up parameter

SDConfig (0x02)

15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0

DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap

=

es.

Reserved bits must be 0.

CDEdge 0 = CD-DSP interface signals are sampled on falling edge of CDCLK. Must be 0 if not applicable.

1 = CD-DSP interface signals are sampled on rising edge of CDCLK.

4.4.2.4 Timing and Restrictions
Table 15 lists the restrictions for a system that uses the CD-DSP interface.
TABLE 15. CD-DSP Restrictions

uonewJoju| renuapyuo) pue Arelalidoid

Restrictions for CD-DSP Interface

Restriction 1: CodeSource® = 0, IFMode® = 1 and MajorType? =
Restriction 2: HWID = GND.

Restriction 3: This interface supports up to 8x CD drives. Because the ZR36710may have to perform block decoding and handle other
tasks, the actual supported drive speed may be less. This is explained in greater detail in a separate application note regarding
VideoCD playback via this interface.

a.CodeSourcés a bit of theSysConfiget-up parameteli-Modeis a bit of theSDConfigset-up parametekiajorTypeis a bit of the
DiscTypeset-up parameter. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1” for an explana@n on
loading set-up parameters to #R36710Q

‘190)0

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioadinq—get-up

parameters to th#2R36710Q 8
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Figure 18 and Figure 19 show examples of various CD-DSP interface configurations. Both figures give
examples of transfers that are m.s. bit first with no byte swapping. Detailed timing is given in Section
11. “DC and AC Characteristics”.

CDFRM

CDDAT {2z KA 3A0 X 8153 8143 8133 B123K B11)

CDFRM period is 32, left- (or right-) justified,
signals are sampled with the rising edg€BCLK

S g EpEpEpEpEp

CDFRM

CDDAT Qe Ko XKeis XKee K X B2 X 811

CDFRM period is 48 or 64, left-justified EDCLK period,
signals are sampled with the falling edgeC&fCLK

FIGURE 18. CD-DSP interface signals when playing back CD type discs (Examples)
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CDFRM

CDDAT < . . O 0 .60 .60 .68

CDFRM period is 32, left-justified €DCLK period,
signals are sampled with the rising edg€BCLK

o T

CDFRM

CDPAT Qs Kz Ka Ko Ko XK Ko Koy

CDFRM period is 48 or 64, right-justified,
signals are sampled with the falling edgeCa&fCLK

FIGURE 19. CD-DSP interface signals when playing back CD type discs (Examples, cont.)

4.5 Video Interface

The video interface of thER36710consists of a pixel bus (selectable 8-bit or 16-bit), a pixel bus tri-
state pin, horizontal and vertical sync signals, a field-indication signal, a composite blank output, a pixel
clock and a 2x pixel clock. The pixel bus provides either 16-bit pixels at 13.5 MHz (CCIR601-
compatible) or 8-bit “half-pixels” at 27 MHz (CCIR656-compatible, including optional sync codes). The
pixels are output in YUV 4:2:2 format. This interface allows direct pin-to-pin interconnection with
several video encoders and with other Zoran devices: (e.g. ZR36125, ZR36067, ZR36060).

The ZR36710incorporates programmability for sync waveforms, field-indication and composite blank
waveforms, active video regions, image regions, and programmable background colors to be displaye@
outside the active and image regions. ZRS86710can operate as either a sync master, generating the &
syncs, field indication and pixel clocks, or it can operate as a slave, receiving as inputs these same
signals. This allows flexibility to condition the video output as required by the system design. |

q
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4.5.1 Overview of Master and Slave Modes

The ZR36710 operates as either a sync master or a sync slave as indicated by the polarity of the

VMASTER input pin. Figure 20 and Figure 21 show the mode of operation dictated YMHWSTER
pin. This pin’s level must remain constant throughout the operation &RB6&710Q It can only be

changed during RESET.

45.1.1 Sync-Master Mode

In sync master mode, tER36710generates the video clocks, the horizontal and vertical sync signals
and field-indication signal. THASYNC, VSYNCandFI outputs are locked to the internal timing of the
device. Their waveform specifications are programmable as explained in Section 4.5.3 “Configuration

of Syncs, Field Indication and Composite Blanking”. Figure 20 illustrates the sync-master mode.

Vbb

_—

27.000MHz XTL ——— P>

VMASTER

GCLK

VSYNC
HSYNC

ZR36710 -~

VCLK

VCLKx2

VCLKx2 =PCLK/ 3
VCLK =VCLKx2/2

4>
4>

synchronization
—

guaranteed

——— P 13.500MHz
— B 27.000MHz

FIGURE 20. Video Sync Master-Mode

45.1.2 Sync-Slave Mode
In sync slave mode, the video clocks, horizontal and vertical syncs and field-indication (optional in slave

mode) are inputs to the&R36710Q Figure 21 illustrates the sync-slave mode.

ZORAN Corporation
Phone (408) 919-4111

3112 Scott Blvd., Santa Clara, CA 95054
Fax (408) 919-4122
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Requirements:
VCLKx2 = GCLK =27 MHz
VMASTER VCLK = 13.5 MHz

VSYNClg—

HSYNCleg——

ZR36710 Flla@—— (optional)

synchronization
must be guaranteed

___p] GCLK VCLK le@————— 13.500MHz

VCLKX2le———— 27.000MHz

FIGURE 21. Video Sync Slave-Mode

45.2 Video Clocks

In master mode, the video cloc€LK andVCLKXx2 indicate to the system when to properly sample

the outputs (syncs, field indication, composite blank and pixel data) on the video interface. In slave
mode, the video clocks indicate to thAR36710when to properly sample the inputs (syncs and field
indication) on the video interface and when to present the outputs (composite blank and pixel data) to the

system. The video clocks are described in Table 16 .

TABLE 16. Video Clock Signals
Clock Description
VCLKx2 2x pixel clock. In master mode, its rising edge is used to indicate to the system that the outputs on the video interface
contain valid data. In slave mode, its rising edge is used to sample the syncs and (optional) field indication inputs and
indicate to the system that the outputs on the pixel and composite blank pins contain valid data.
VCLK Pixel clock. When operating in 16-bit pixel mode, it indicates which rising edge of VCLKx2 is used as the data quali-

fier on the video interface. When operating in 8-bit pixel mode, it indicates which rising edge of VCLKx2 is used as the
sync, field indication and Y component qualifier. The VCLKPol bit in the VidConfig? set-up parameter indicates which
polarity of VCLK qualifies the rising edge of VCLKx2 as follows:

VCLKPol = 0, The rising edge of VCLKx2 while VCLK is low qualifies the data.
VCLKPol = 1, The rising edge of VCLKx2 while VCLK is high qualifies the data.

uonewJoju| renuapyuo) pue Arelalidoid

a. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1” for an explanation on loading set-up parameters
to theZR3671Q
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In Figure 22, syncs and field indication signals would be sampled by either the video encoder (master J
mode) or theZzR36710 (slave mode) on the rising edge\ELKx2 while VCLK is low. The system
would sample the pixel data (16-bit pixel bus) and composite blank signal at this time.

do.

With an 8-bit pixel bus, pixel data is presented at the twice the pixel rate (half-pixels) and should be =—
sampled by the system on every rising edg¥€ ©@EKx2. As shown in Figure 22, the Y component is
valid on the rising edge ofCLKx2 whenVCLK is low. One pixel is transmitted eattCLK period,
whether the pixel bus is 8 bits or 16 bits.

vetke ] L[] L[] I
I I I
vk L L L

| | |
Note: dashed lines indicate time at which signals on the video interface are valid (16-bit pixel mode).

FIGURE 22. Video interface data qualification every other rising edge of VCLKx2 (VCLKPol = 0).
4.5.3 Configuration of Syncs, Field Indication and Composite Blanking

In master mode, thER36710 requires the host to load various set-up parameter values to properly
generate thélSYNC, VSYNC FI andCBLANK waveforms. In slave mode, different values for these
set-up parameters are required to allow the device to properly procestS¥#C, VSYNC and
(optional) FI inputs in order to output the desir@BLANK waveform and present pixel data at the
desired time. The following sub-sections explain the set-up parameter options for both master and slave3
Q

JOJU| [enuapiuo) pue Arelal

modes.

45.3.1 Sync Parameters - Master Mode

Table 17 shows which set-up parameters (see Section 5.1 “General Set-up Parameters and Microcode
Reg. 0x0 and 0x1”) configure the waveforms of tH8YNC, VSYNC and FI outputs when the
ZR367100perates in master mode. TEGBLANK configuration is the same for both master and slave
modes so its configuration is explained separately in Section 4.5.3.3 “CBLANK Generation in Master
and Slave Modes”.

uon
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TABLE 17.

HSYNC, VSYNC and FI Configuration in Master Mode

Signal

Parameters that define waveform in sync master mode

HSYNC

Htotal: Total number of pixels per line = number of VCLKSs between leading edges of consecutive HSYNC pulses.
Htotal must be an even number. Maximum value is 1022. Typical NTSC and PAL values are:

Htotal = 858 (NTSC).
Htotal = 864 (PAL).

HSyncSize: Width of HSYNC active pulse measured in number of pixels (VCLKSs). Minimum value is 8. Maximum
value is (Htotall2 - 1).

HSPol: Polarity of HSYNC signal during the active pulse. HSPol is a bit of the VidConfig set-up parameter. The
allowed values are shown below.

HEdge: Transition edge of HSYNC after which the first VCLK indicates pixel #0 (the first pixel) of that line. This edge
is called the “effective” edge of HSYNC. HEdge is a bit of the VidConfig set-up parameter. HEdge should be
selected so that the leading edge is the effective edge:

HSPol = 0, HEdge = 0: Leading (falling) edge of active-low HSYNC indicates the first pixel in a line.
HSPol =1, HEdge = 1: Leading (rising) edge of active-high HSYNC indicates the first pixel in a line.

VSYNC

Viotal: Total number of lines per display frame = number of HSYNC pulses between every other VSYNC
pulse. Maximum value is 1023. Each display frame consists of two fields, Field | and Field 1l, whose
size (in lines) is Vtotal / 2. Typical NTSC and PAL values are:

Viotal = 525 (NTSC).
Viotal = 625 (PAL).

VSyncSize: Width of VSYNC active pulse measured in number of lines (HSYNCs). Minimum value is 1.
Maximum value is (Vtotall2 - 1).

VSPol: Polarity of the VSYNC signal during the blanking region. VSPol is a bit of the VidConfig set-up
parameter. The polarity of VSPol is defined as:

VSPol = 0, Active-low blanking region.
VSPol = 1, Active-high blanking region.

VEdge: Transition edge of VSYNC after which the first HSYNC pulse indicates line #0 (the first line) of that
field. This edge is called the “effective” edge of VSYNC. VEdge is a bit of the VidConfig set-up
parameter and indicates the effective edge as follows:

VEdge = 0, falling edge of VSYNC indicates the first line of a field.
VEdge = 1, rising edge of VSYNC indicates the first line of a field.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
Phone (408) 919-4111 Fax (408) 919-4122
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TABLE 17. HSYNC, VSYNC and FI Configuration in Master Mode
Signal Parameters that define waveform in sync master mode
Fl FIPol: Defines the polarity of F/ during Field | and Field Il. FIPol is a bit of the VidConfig set-up parameter.

FIPol = 0, Flis low during Field | and high during Field II.
FIPol = 1, Flis high during Field | and low during Field II.

FIVEdge: Selects which edge (leading or trailing) of VSYNC that F/ toggles. FIVEdge is a bit of the VidConfig set-up
parameter.

FIVEdge = 0, Fltransition precedes the leading edge of VSYNC by two pixels (see Figure 25).
FIVEdge = 1, Fl transition precedes the trailing edge of VSYNC by two pixels.

FidSel: Selects which signal, either HSYNC or Fl, is used to indicate Fields | and Il identification. FidSelis a
bit of the VidConfig set-up parameter. If Viotal is even, FidSel = 1 (Fl). The allowed values are shown
below.

FidLevel. Indicates polarity of HSYNC or FI (determined by FidSel) during the effective edge of VSYNC that
Fields I and Il are determined. FidLevel is a bit of the VidConfig set-up parameter.

FidSel = 0, FidLevel = 0: HSYNC sampled low on the effective edge of VSYNC determines Field I. HSYNC
sampled high on the effective edge of VSYNC determines Field Il.

FidSel = 0, FidLevel = 1: HSYNC sampled high on the effective edge of VSYNC determines Field |. HSYNC
sampled low on the effective edge of VSYNC determines Field II.

FidSel = 1, FidLevel = 0: FI sampled low on the effective edge of VSYNC determines Field |. F/ sampled high
on the effective edge of VSYNC determines Field II.

FidSel = 1, FidLevel = 1: FI sampled high on the effective edge of VSYNC determines Field |. F/ sampled low
on the effective edge of VSYNC determines Field II.

Restrictions on Htotal and Vtotal:
Htotal x Vtotal x frame rate (either 30/1.001 or 25) = VCLK, VCLK = 13.5 MHz.

Figure 23 gives an example of how these parameters are used to indicate the wavefornt$¥Rath
andVSYNC

| ! ! »' Vtotal (both fields)
B | |
VSYNC I = L | Fieldl L]
PN | |
VSYNCSize| | | Viotal | 2 (one field) |
| |

Htotal (one line)

HSYNC J

HSYNCSize |

FIGURE 23. HSYNC and VSYNC with HSPol = VSPol = 0 (not to scale)
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Figure 24 shows the edge timing betwdd8YNC and VSYNC in master mode. Th&R36710
guarantees that the leading edg® 8Y NCwill trail the leading edge diISYNC Dby four pixels for Field
I. For Field I, the leading edge WiSYNCtrails the midpoint of line (intotal / 2) + 1) by four pixels.
In this figure, it is assumed that bd#8YNC andVSYNCare active-low, thus their leading edges are
both falling edges.

Field |

=
_

'« 4 pixels

Field Il

—
VSYNC |
|
HSYNC
|
|
VSYNC :
HSYNC

]

Htotal | 2 | * 4 pixels

i
]
|l
I

FIGURE 24. VSYNC always trails HSYNC by 4 pixels in master mode (not to scale).

Figure 25 gives an example of how these parameters are used to gehénateaster moder/VEdge
andFIPol indicate thafF| will toggle high for Field | two pixels prior to the leading edg&/&YNC

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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i Field | : ' Field I : '

VSYNC | Q | Q | J
|l I |l
[ — H — [

HSYNC—LH—| I L] LH_'

[ [ [
I — I I
Fl | : — |
|l I |l

— | [ 2 Dpixels — | [ 2pixels — | je— 2pixels

In this exampleF/VEdge = 0, FIPol = 1

FIGURE 25. Fltransition precedes leading edge of VSYNC by 2 pixels in master mode (not to scale).

4.5.3.2 Sync Parameters - Slave Mode

Table 18 shows which set-up parameters (see Section 5.1 “General Set-up Parameters and Microcode&

Reg. 0x0 and 0x1”) allow th2R36710to properly process thdSYNC, VSYNC and (optional)Fl

inputs when th&ZR36710 operates in slave mode. TREBLANK configuration is the same for both
slave and master modes so its configuration is explained separately in Section 4.5.3.3 “CBLANK
Generation in Master and Slave Modes”.

TABLE 18. HSYNC, VSYNC and FI Configuration in Slave Mode
Signal Parameters that define waveform in sync slave mode
HSYNC Htotal: Must be 0x0000.

HSyncSize: Must be 0x0000.
HSPol: Must be 0. HSPol is a bit of the VidConfig set-up parameter.

HEdge: Transition edge of HSYNC after which the first VCLK indicates pixel #0 (the first pixel) of that line. This edge
is called the “effective” edge of HSYNC. HEdge is a bit of the VidConfig set-up parameter. HEdge should be
selected so that the leading edge is the effective edge:

HEdge = 0: Leading (falling) edge of active-low HSYNC indicates the first pixel in a line.
HEdge = 1: Leading (rising) edge of active-high HSYNC indicates the first pixel in a line.
VSYNC Vitotal: Must be 0x0000.

VSyncSize: Must be 0x0000.

VSPol: Must be 0. VSPol is a bit of the VidConfig set-up parameter.

VEdge: Transition edge of VSYNC after which the first HSYNC pulse indicates line #0 (the first line) of that
field. This edge is called the “effective” edge of VSYNC. VEdge is a bit of the VidConfig set-up
parameter and indicates the effective edge as follows:

VEdge = 0, falling edge of VSYNC indicates the first line of a field.
VEdge = 1, rising edge of VSYNC indicates the first line of a field.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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TABLE 18. HSYNC, VSYNC and FI Configuration in Slave Mode
Signal Parameters that define waveform in sync slave mode
Fl FIPol: Must be 0. FIPol is a bit of the VidConfig set-up parameter.
(optional)

FIVEdge: Must be 0. FIVEdge is a bit of the VidConfig set-up parameter.

FidSel: Selects which signal, either HSYNC or FI, is used to indicate Fields | and Il identification. FidSel is a
bit of the VidConfig set-up parameter. If F/is not provided to the device, then FidSel = 0. If the number
of lines per two fields is even, F/ must be provided to the device and FidSel = 1. The allowed values
are shown below.

FidLevel: Indicates polarity of HSYNC or FI (determined by FidSel) during the effective edge of VSYNC that
Fields | and Il are determined. FidLevel is a bit of the VidConfig set-up parameter.

FidSel = 0, FidLevel = 0: HSYNC sampled low on the effective edge of VSYNC determines Field |. HSYNC
sampled high on the effective edge of VSYNC determines Field II.

FidSel = 0, FidLevel = 1: HSYNC sampled high on the effective edge of VSYNC determines Field I. HSYNC
sampled low on the effective edge of VSYNC determines Field II.

FidSel = 1, FidLevel = 0: Fl sampled low on the effective edge of VSYNC determines Field |. F/ sampled high
on the effective edge of VSYNC determines Field II.

FidSel = 1, FidLevel = 1: Fl sampled high on the effective edge of VSYNC determines Field I. F/ sampled low
on the effective edge of VSYNC determines Field II.

Figure 26 gives an example of how these parameters are used to identify Fields | and Il in slave mode

using theHSYNC andVSYNCinputs. In this case, tHd input is optional. Proper samplingldSYNC
with the effective edge ofSYNCrequires that the effective edgesHBYNC andVSYNCdo not fall
within a 2-pixel window. HereHEdge and VEdge indicate the effective edges of the input syncs and

FidSel andFidLevel indicate the field determination.

VSYNC

HSYNC

: Field | H Field I

3 e I B

I N I

_ e 2 pixels (min.) _ e 2pixels(min) _ !l 2 pixels (min.)
I 1 I 1 I 1

In this exampleHEdge = VEdge = 0, FidSel = FidLevel = 0

FIGURE 26. Field indication in slave mode using HSYNC and VSYNC (not to scale).

Figure 27 gives two examples of how these parameters are used to identify Fields | and Il in slave mode

using theFl andVSYNCinputs. Proper sampling &1 with the effective edge afSYNCrequires that

the transition ofl and the effective edge ®SYNCdo not fall within a 2-pixel window. Heré&/Edge
indicates the effective edge WEYNCandFidSel andFidLevel indicate the field determination. Notice

that a shift ifFl by a minimum of four pixels (as shown here) can reverse the field determination. In any

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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case, Field | and Field Il are defined in Section 2.2 “Definitions” and the selection of the pol&iity of

during the effective edge MSYNCmust match this definition.

Example A. | Field | ! Field Il

| |
— — ! — !
vsyNe | j |

.

= I I

_,! !4_ 2 pixels (min.) _,! !4_

2 pixels (min.)  __,!
|

I
!4_ 2 pixels (min.)

Example B. | Field Il i Field |

S — | —

VSYNC
I — I

Fl I I

_,! !<_ 2 pixels (min.) _,! !<_ 2 pixels (min.)

In both examplesVEdge = 0, FidSel = FidLevel = 1

_,! !<_ 2 pixels (min.)

FIGURE 27. Field indication in slave mode using F/and VSYNC. Must be at least 2 pixels between transition of

Fl and VEdge (not to scale).

45.3.3 CBLANK Generation in Master and Slave Modes

Table 19 shows which set-up parameters (see Section 5.1 “General Set-up Parameters and Microcode

Reg. 0x0 and 0x1") configure the waveformGBLANK, the composite output. Figure 28 illustrates the

waveform ofCBLANK in relation toVSYNC HSYNC and these parameters.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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TABLE 19.

CBLANK Configuration

Parameter

Description

CBPol

Defines the polarity of CBLANK . CBPol is a bit of the VidConfig set-up parameter:
CBPol =0, CBLANK is active-low.
CBPol =1, CBLANK is active-high.

CBVStart

Number of lines (indicated by the number of HSYNC pulses) after the effective edge of VSYNC that CBLANK is inac-
tive for Field I. For Field Il, the VSelect bit of the VidConfig set-up parameter dictates the first line CBLANK is inactive
from the effective edge of VSYNC:

VSelect =1, CBLANK becomes inactive CBVStart HSYNC pulses after the effective edge of VSYNC for Field II.
VSelect = 0, CBLANK becomes inactive (CBVStart + 1) HSYNC pulses after the effective edge of VSYNC for Field II.

CBVEnd

Number of lines (indicated by the number of HSYNC pulses) after the effective edge of VSYNC that CBLANK is
inactive for Field I. For Field I, the VSelect bit of the VidConfig set-up parameter dictates the last line CBLANK is
inactive from the effective edge VSYNC:

VSelect =1, CBLANK becomes active CBVEnd HSYNC pulses after the effective edge of VSYNC for Field II.
VSelect = 0, CBLANK becomes active (CBVEnd + 1) HSYNC pulses after the effective edge of VSYNC for Field II.

CBHStart

Number of pixels (indicated by the number of VCLK pulses) after the effective edge of HSYNC in which CBLANK
becomes inactive.

CBHEnd

Number of pixels (indicated from the number of VCLK pulses) after the effective edge of HSYNC in which CBLANK
becomes active.

Fl

CBHEnd

CBLANK \_

VEdge =0 HSYNC |
— | CcBVStartd '} _] """"" 7] )

[
-

. CBHStart

|

Htotal

\

CBVENd

""""""" e e
CBLANK VSYNC Field Il

Vitotal

FIGURE 28. lllustration of CBLANK .
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4.5.4 Definition of the Active Area, Image Area and Background Color U

—_
The “active” area within each field represents a window of the video region that decoded video, sub- @
pictures and OSD can be displayed. The size of this window is measured horizontally in pixels/line and O
vertically in lines/field. The position of this window is measured horizontally in pixels counted from the —.
effective edge oHSYNC and vertically in lines counted from the effective edg&8¥NC Decoded

video, sub-pictures and OSD cannot be displayed outside the defined active area. Table 20 lists the se
up parameters (see Section 5.1 “General Set-up Parameters and Microcode - Reg. Ox0 and 0x1”) th
define the active video window within each field.

9

TABLE 20. Definition of Active and Image Areas
Region Parameter Parameters that define region
Active ActiveStartX | Number of pixels (VCLKs) from the effective edge of HSYNC to the first active pixel (active pixel #0)
Area of a line. ActiveStartX must be even.

ActiveEndX Number of pixels (VCLKs) from the effective edge of HSYNC to the last active pixel of a line, includ-
ing this last pixel (active pixel #(ActiveSizeX - 1)). ActiveEndX must be even.

ActiveSizeX | Horizontal size of active area (in pixels). Must be set to ActiveEndX - ActiveStartX.

ActiveStarty | Number of lines (HSYNCs) from the effective edge of VSYNC to the start of the first active line of
Field | (active line #0). The VSelect bit of the VidConfig set-up parameter determines how many lines
after the first half-line of Field 1l the active region begins:

VSelect = 1, the active region begins ActiveStartY lines.
VSelect = 0, the active region begins (ActiveStartY + 1) lines.

ActiveEndY Number of lines (HSYNCs) from the effective edge of VSYNC to the end of the last active line of Field
I. The VSelect bit of the VidConfig set-up parameter determines how many lines after the first half-line
of Field Il the active region ends:

VSelect = 1, the active region ends ActiveEndY lines.
VSelect = 0, the active region ends (ActiveEndY + 1) lines.

ActiveSizeY | Vertical size (in lines) of active area in each field. Must be ActiveEndY - ActiveStartY.

Image ImageStartX | Number of pixels (VCLKSs) from the effective edge of HSYNC to the first image pixel of a line (image
Area pixel #0). ImageStartX must be even.

ImageEndX | Number of pixels (VCLKSs) from the effective edge of HSYNC to the last image pixel of a line, includ-
ing this last pixel (image pixel #(ImageSizeX - 1)). ImageEndX must be even.

ImageSizeX | Horizontal size of image area (in pixels). Must be set to ImageEndX - ImageStartX.

uomew.ou| fenuapiuod pue A

ImageStarty | Number of lines (HSYNCs) from the effective edge of VSYNC to the start of the first image line of
Field | (image line #0). The VSelect bit of the VidConfig set-up parameter determines how many lines
after the first half-line of Field 1l the image region begins:

VSelect = 1, the image region begins ImageStartY lines.
VSelect = 0, the image region begins (ImageStartY + 1) lines.

ImageEndY | Number of lines from the effective edge of VSYNC to the end of the last image line of Field I. The
VSelect bit of the VidConfig set-up parameter determines how many lines after the first half-line of
Field Il the image region ends:

VSelect = 1, the image region ends ImageEndY lines.
VSelect = 0, the image region ends (ImageEndY + 1) lines.

ImageSizeY | Vertical size (in lines) of the image area in each field. Must be ImageEndY - ImageStartY.

866T 1990100
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The “image” area within each field represents a sub-window of active area. The image area can include ~J
the complete active area or a rectangle thereof. The size of this window is measured horizontally in =S
pixels/line and vertically in lines/field. The position of this window is measured horizontally in pixels
counted from the effective edge ldEYNC and vertically in lines counted from the effective edge of
VSYNC Decoded video cannot be displayed outside the defined image area. As shown in Figure 29, the
image area must either coincide with or fall completely within the active area. The primary purpose of
having image area support is for display aspect ratio (e.g. Letterbox/Pan-scan) scaling as described in
Section 7.4 “Defining the Image Area of the Scaled Image”. Table 20 lists the set-up parameters (see
Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1”) that define the image area
within each field

Areyaudo

To properly determine which pixels and which lines define the active and image ar@d&3@7d0has
built-in pixel and line counters. The horizontal pixel counter is reset by an effective ddg¥ N and
pixels are counted on every other rising edge/6LKx2. The vertical line counter is reset by an
effective edge o¥SYNCand lines are counted on the effective edgd®YNC. If an effective edge of
HSYNC occurs prior to countingtotal pixels, the counter is still reset. The same can be salddai
and the effective edge ™MSYNC

For pixels that are outside the image area, pixel values are defined as the background color. The
background color is defined by the set-up parameters (see Section 5.1 “General Set-up Parameters and
Microcode - Reg. 0x0 and 0x1") in Table 21 .

TABLE 21. Background color set-up parameters

ColorV (0x08), ColorY (0x09), ColorU (Ox0A)

ColorV 8-bit V component of the background color. The m.s. 8 bits must be 0x00.
ColorY 8-bit Y component of the background color. The m.s. 8 bits must be 0x00.
ColorU 8-bit U component of the background color. The m.s. 8 bits must be 0x00.

The background color on line 21 (closed caption) is forced to black (Y = 16, U =V = 128) no matter
what the background color is defined as. Sub-picture and/or OSD data can be blended or overlaid
anywhere within the active rectangle, including pixels that are out of the area occupied by the image @)
itself. For data outside the image rectangle but within the active rectangle, the sub-picture and/or OSD =
data is overlaid on (or blended with) background pixels.
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HEdge =0
HSYNC
VEd, e:a . I T
9 ActiveStartY ImageStartY ImageEndY ActiveEndY
ActiveStartX - - — — — — — — — — — — — — T
- > | Y | non-active area
(background)
VSYNC ImageStartX | | |
- > -
| Image Area |
| |
ImageEndX [ - |
- , >
Active Area
_ ActiveEndX - — — — — — — — — — — — — — — :l-" -
FIGURE 29. Definition of the “active” and “image” areas
ActiveSizeX pixels
- p P

Background Color (with optional OSD)

/ ImageSizeY
B Image area
/

_ - >

Active areas of two fields ImageSizeX V

ActiveSizeY lines
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One field of the image data

FIGURE 30. Background color is displayed within the active area, outside the image area. Sub-picture and
OSD can be put in this background color region.

The host has the option of forcing the background color to black (Y = 16, U = V = 128) whenever a
decoded image is displayed within the image area. This option is controlled by setBigckeit of
the PlaybackMode® set-up parameter to the appropriate value as shown in Table 22 .

1370190

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioading;-set-up
parameters to theR3671Q Q
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TABLE 22. Forcing the Background Color to Black While Displaying a Decoded Image
PlaybackMode (0x41)
15-10 9 8,7 6 5 4 & 2-0
reserved LastPic reserved VidFloat | reserved Black DVDRegEnable reserved

Reserved bits must be 0.

Black

0 = The programmed background color is displayed within the active area, outside the image area.

1 = While a decoded image is displayed in the image area, the active area outside the image area is
black. When a decoded image is not displayed, this region switches to the programmed background
color.

Even though the host can write any value from 0 to 255 inte@tfweY, ColorU and ColorV parameters,

the host has the option of limiting the actual background (along with the video, sub-picture and OSD)

color values presented on the pixel bus as explained in Section 4.5.5 “Pixel Formats”.

455 Pixel Formats

The ZR367100utputs YUV 4:2:2 digital video on either an 8-bit or 16-bit pixel bus. The 8-bit format
complies with the component ordering of CCIR 656 (U0, YO, VO, Y1, U2, Y2, V2, Y3,...). The 16-bit

format complies with CCIR 601 (YO & U0, Y1 & VO, Y2 & U2, Y3 & V2,...). The format and timing of
pixels on the bus are determined by Wigeo8 and VCLKPol bits of theVidConfig* set-up parameter as
shown in Table 23 .

TABLE 23. Pixel ordering on the output pins
Video8 VCLKPol Pixel Format and Timing

0 0 16-bit pixel bus: Y pixels on Y[7:0], UV pixels on C[7:0].
Data on Y[7:0] and C[7:0] is valid on rising edge of VCLKx2 when VCLK is low.

0 1 16-bit pixel bus: Y pixels on Y[7:0], UV pixels on C[7:0].
Data on Y[7:0] and C[7:0] is valid on rising edge of VCLKx2 when VCLK is high.

1 0 8-bit pixel bus on Y[7:0]. Y pixels are valid on rising edge of VCLKx2 when VCLK is low. UV pixels
are valid on rising edge of VCLKx2 when VCLK is high.

1 1 8-bit pixel bus on Y[7:0]. Y pixels are valid on rising edge of VCLKx2 when VCLK is high. UV pixels
are valid on rising edge of VCLKx2 when VCLK is low.

The host has the option of limiting the pixel values presented on the pixel bus by setBixgithéit of

the VidConfig set-up parameter to the desired value as shown in Table 24 . If SAV and EAV sync codes
are presented on the pixel bus as explained in Section 4.5.6 “CCIR 656 Insertion of Sync Codes on 8-bi

Pixel Data”, then this bit must be set to 1.

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1”
parameters to th#2R36710Q

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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TABLE 24. Limiting the range of pixel values
VidConfig (0x01)
15 14 13 12 11 10 9 8 7 6 5 4 & 2 1 0
0 PixLim | OSDMode | HSPol | VSPol | FIPol | FIVEdge | CBPol | VEdge | HEdge | FidSel | FidLevel | VSelect | Sync8 | Video8 | VCLKPol

Reserved bit 15 must be 0.

PixLim 0=Y, Uand V pixels are limited within range of 0 to 255 inclusive.

1 = Pixel values are limited in following ranges: 16 <=Y <= 235, 16 <= U,V <= 240. Must be 1 if Sync8 = 1.

pigiaipigiaigiainlinisiginlin
VCLKx2

VOLK I R I O B S N

8-bit pixel interface

I I

yi7o) ~ Background Color X0 XYO XVO X¥1 XU2 X¥Y2 XV2 XY3 XU4 XY4 X

16-bit pixel interface

Y4

Y[7:0] Background Color X YO X Y1 X Y2 X Y3 X

Cl7:0] Background Color X Uuo X VO X U2 X V2 X

U4

Note: in this example VCLKPol = 0

FIGURE 31. Component ordering and timing in the two video formats.

4.5.6 CCIR 656 Insertion of Sync Codes on 8-bit Pixel Data

TheZR36710supports insertion of SAV and EAV sync codes into the 8-bit pixel data for CCIR 656 and

uonewloju| renuapyuo) pue Areyandold

Video Interface Port (VIP) compliance. This support for both master and slave modes. These sync codes
are known as “timing reference codes” (TRCs). Each TRC is a sequence of 4 bytes outpt{o0the

bus during 4 consecutinCLKx2 periods, where the first byte always replaces a U sample. There is no

support for ancillary (e.g. audio) data as mentioned in the VIP 1.1 specification.

TABLE 25. Timing Reference Codes (TRCs) for CCIR 656 Support
Byte Value on Y[7:0] TRC Format
1 OxFF Fixed marker for first byte of TRC.
2 0x00 Fixed marker for 2nd byte of TRC.
3 0x00 Fixed marker for 3rd byte of TRC.
4 TRC data Format: Y[7] =T, Y[6] = F, Y[5] = V, Y[4] = H, Y[3] = P3, Y[2] = P2, Y[1] = P1, Y[0] = PO

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
Phone (408) 919-4111 Fax (408) 919-4122
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Definitions
« Field 1 (defined in CCIR 656) abdd Field(defined in VIP): Defined in this data sheet as Field I, the
field that begins at the beginning of a line and ends in the middle of a line.

+ Field 2 (defined in CCIR 656) deven Field(defined in VIP): Defined in this data sheet as Field II, the
field that begins in the middle of a line and ends at the end of a line.

« Active video lineLine with reconstructed MPEG video, background color, OSD or sub-picture.

* Closed Caption lineLine with modulated closed caption data or other modulated data.
Definitions (continued):

« Blanking line Any other line not of the previous two types.

« Stagger line The line whose first half belongs to field 1 and whose second half belongs to field 2.

Placement of SAV and EAV Codes

Two TRCs are output during each line. For lines with active video, one TRC (called SAV) is output just
before the first active U sample. The second TRC (called EAV) is output just after the last active Y
sample as shown in Figure 32.

First active video data for the line

X XX X o o X

Last active video data for the line

>< U718 >< Y718 >< V718>< Y719 >< OxFF >< 0x00 >< 0x00 ><Byte4 >< 0x80" >< 0x10" >< 0x80"

* Black pixels
** Byte 4 is in the format: (T FV H P3 P2 P1 P0O)b

uonewJoju| renuapyuo) pue Arelalidoid

FIGURE 32. SAV and EAV for a line with 720 active pixels.

For lines without active video, the TRCs are “vertically” aligned with the TRCs of the lines with active
video. The output on Y[7:0] pins immediately after the last EAV byte or after any SAV byte for a line
with no active video nor closed captions data is alternating 0x80, 0x10 (black).

Definition of TRC Bits
Table 26 shows the definition of the T, F, V, H, P3, P2, P1 and PO bits of the fourth byte of the TRC.

866T 1970100
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TABLE 26. Definition of TRC bits
Bits Definition
T 0 = Closed caption line. Applies for both SAV and EAV.
1 = All other lines. Applies for both SAV and EAV.
F 0 = Field 1 lines and stagger line. Applies to SAV.
1 = Field 2 lines. Applies to SAV.
This bit of the EAV has the same value as the SAV of the following line.
\Y 0 = Active video line or closed caption line. Applies to SAV.
1 = Blank line. Applies to SAV.
This bit of the EAV has the same value as the SAV of the following line.
H 0 =SAV.
1=EAV.
P[3:0] | Error protection bits whose format is explained in Section 8.1 of the VIP 1.1 Specification.

Enable/Disable Insertion of Sync Codes

When operating in 8-bit pixel mode, the insertion of SAV and EAV codes can be enabled or disabled by

writing the appropriate value to ti8ync8 bit of the VidConfig! set-up parameter as shown in Table 27 .

JU0D pue Arelalidoid

TABLE 27. Enable/Disable Insertion of SAV and EAV Sync Codes
VidConfig (0x01)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 PixLim | OSDMode | HSPol | VSPol | FIPol | FIVEdge | CBPol | VEdge | HEdge | FidSel | FidLevel | VSelect | Sync8 | Video8 | VCLKPol

Reserved bit 15 must be 0.

Sync8

0 = Pixel bus does not contain SAV and EAV (VIP/CCIR 656) sync codes. Must be 0 if Video8 = 0.
1 = Pixel bus contains SAV and EAV (VIP/CCIR 656) sync codes.

4.5.7 Disabling the Video Output and PIP Applications

TheZR36710is capable of sharing the pixel bus with other video sources. To disable the pixel bus, the

system must de-assert MBEN# input. When it is de-asserted, thR36710tri-states its Y and/or U/V
outputs within 15ns. When it is asserted againZfR86710outputs its Y and/or U/V within 15ns.

If the ZR36710is the sync master, the following output signals are always active, regarcd3B lg#:
* VCLK, VCLKx2, HSYNC, VSYNC FI, andCBLANK.

uonew.ou| [enuap

1370190

1. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1” for an explanation on Ioadiné-set-up
parameters to theR3671Q Q
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In a system with two video sources using the same pixel buEBbANK signal can be used to disable
the ZR36710s pixel bus by connecting this signal to tMODEN# pin. CBLANK could also be
connected to a pixel bus mux switch. By properly defining the wavefoil@BoANK, both decoders
can share the pixel bus which allows for picture-in-picture (PIP) support.

4.6 Audio Interface

The audio interface consists of two clocks, one frame sync, one data line input and four data output lines.
These signalsAMCLK, ABCLK, ALRCLK, AIN, AOUT[2:0] and S/PDIF, are explained in the
following sub-sections.

4.6.1 AMCLK Signal
AMCLK is the master clock line, which defaults after RESET as an input pin, but must be configured as
an output pin by writing the CFGADP command (a reserved bit takes care of this).

The AMCLK frequency should be equal to the reconstructed audio samplingyyateil(iplied by 128,
192, 256 or 384, according to the selected audio DAC.

TABLE 28. Parameters for AMCLK, ABCLK and ALRCLK

Audio Port Configuration via the CFG ADP Command

CPB, CPA (1 bit each) 0= AOUT, AIN and ALRCLK sampled on falling edge of ABCLK .
1= AO0UT, AIN and ALRCLK sampled on rising edge of ABCLK .
CPB and CPA must be set to the same value.

FRB, FRA (3 bits each) | 000b = ALRCLK period is 32 ABCLK cycles.
001b = ALRCLK period is 64 ABCLK cycles.
111b = ALRCLK period is 48 ABCLK cycles.
All other combinations = Reserved, do not use.
FRB and FRA must be set to the same value.

SPBS (8 bits) These bits define the ratio between the AMCLK and ABCLK rates. The allowed values are 2, 3, 4 and 6. They
should be selected according to Table 29 .

uonewJoju| renuapyuo) pue Arelalidoid

4.6.2 ABCLK Signal

ABCLK is the output sampling clock used to indicate to a DAC when the output (both data and frame
sync, explained below) is valid to sample and also wheBR86710samples incoming audio data (e.g.
karaoke, explained below). The sampling edgABECLK is selectable by thePB and CPA bits of the

CFG ADP command as shown in Table 28 .

The frequency oABCLK is derived by dividincAMCLK with the value of theSPBS bits of the CFG
ADP commandABCLK is dependent on the period of the frame sync output (explained below), and
SPBS should be selected according to Table 29 .

‘1800100

=
1. See Section 12.4 “Set-up Commands” for an explanation on configuring the audio port via the CFG ADP com@and.
oo
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TABLE 29. SPBS bits of the CFG ADP Command

AMCLKIf,

ALRCLK period

SPBS

128

32

2

192

32

3

192

48

256

64

256

32

384

48

384

64

384

32

4.6.3 ALRCLK Signal

ALRCLK is the frame synchronization output line. This signal should be sampled by a DAC on the

selected sampling edge ABCLK. The period ofALRCLK can be 32, 48 or 6ABCLK cycles as

selected by th€RB andFRA bits of the CFG ADP command as shown in Table 28 .

4.6.4 Input and Output Data - AIN, AOUT[2:0] and S/PDIF

Input Signals - AIN

AIN, is a two-channel input line whose data is sampled intd R857100n the selected sampling edge

of ABCLK. For karaoke applications, this signal is provided via a microphone ADC.

Output Signals -AOUT[2:0] and S/PDIF

AQOUT[2:0] andS/PDIF are four data output lines whose data (exclu@@DIF) should be sampled

by a DAC on the selected sampling edg&BCLK. Two channels of audio are transmitted on each of

the AOUT[2:0] lines, allowing for 6 channels. Th&0O bit of the CFG ADP command determines
whether theS/PDIF pin operates as a S/PDIF transmitter or as a fourth 2-channel daQidd]3],
allowing 8-channel audio output as shown in Table 30 .

1. See Section 12.4 “Set-up Commands” for an explanation on configuring the audio port via the CFG ADP com

ZORAN Corporation
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Fax (408) 919-4122
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TABLE 30. Parameters for AIN, AOUT[2:0] and S/PDIF
Audio Port Configuration via the CFG and SPDIFCS ADP Commands
OSP (1 bit) 0 = ALRCLK low indicates the left channel for data on AOUT. ALRCLK high indicates the right channel.

(CFG ADP command)

1 = ALRCLK high indicates the left channel for data on AOUT. ALRCLK low indicates the right channel.

ISP (1 bit)
(CFG ADP command)

0 = ALRCLK low indicates the left channel for data on AIN. ALRCLK high indicates the right channel.
1 = ALRCLK high indicates the left channel for data on AIN. ALRCLK low indicates the right channel.

OUTW (2 bits)
(CFG ADP command)

00b = AOUT is 20 bits wide.
01b = AOUT is 18 bits wide.
10b = AOUT is 16 bits wide.
11b = AOUT is 24 bits wide. Only applicable if a single stereo pair is output on AOUT/[0].

INW (2 bits)
(CFG ADP command)

00b = AIN is 20 bits wide.
01b = AIN is 18 bits wide.
10b = AIN is 16 bits wide.
11b = AIN is 24 bits wide.

FMB (3 bits)
(CFG ADP command)

00b = AOUT is left-justified with ALRCLK .

01b = AOUT is left-justified with ALRCLK , with a delay of one ABCLK cycle.
10b = AOUT is right-justified with ALRCLK .

All other combinations = Reserved, do not use.

FMA (3 bits)
(CFG ADP command)

000b = AIN is left-justified with ALRCLK .

001b = AIN is left-justified with ALRCLK , with a delay of one ABCLK cycle.
111b = AIN is right-justified with ALRCLK .

All other combinations = Reserved, do not use.

SPO (1 bit)
(CFG ADP command)

0 = S/PDIF pin acts as AOUT/3], a fourth reconstructed stereo output.
1 = S/PDIF pin acts as S/PDIF transmitter.

data mode (bit #1 of the
channel status value of
the SPDIFCS ADP
command)

0 = S/PDIF transmitter outputs reconstructed stereo. Must be 0 if SPO = 0 or if not applicable.
1 = S/PDIF transmitter outputs coded audio data.

WhenS/PDIF is configured as a S/PDIF transmitter, the output can be either the coded audio stream or

uonewJoju| renuapyuo) pue Arelalidoid

reconstructed two-channel PCM audio according to the IEC 958 specs (please refer to this document for
timing diagrams of the S/PDIF output). Theta mode bit of SPDIFCS$ ADP command indicates the
output mode as shown in Table 30 .

Data Width - 16, 18, 20 or 24 Bits Per Data Word

The data on thAOUT lines is organized as words with a width specified byab@w bits of the CF&
ADP command. The data on tAéN line is organized as words with a width specified by/t# bits
of the CFG ADP command. These parameters are described in Table 30 .

1. See Section 12.4 “Set-up Commands” for an explanation on configuring S/PDIF via the SPDIFCS ADP com
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Word Alignment - Left-Justified, Left-Justified + one ABCLK or Right-Justified

Each word (both output and input) is sampled between two transitions ALRELK signal. Data is
presented m.s. bit first. The words align with the transitioAL®CLK as defined by thEMB (output)
and FMA (input) bits of the CF&ADP command as described in Table 30 .

Left-justified is defined as the m.s. bit of the word is sampled immediately after the transition of the
ALRCLK signal. Right-justified is defined as the I.s. bit of the word is sampled immediately prior to the
transition of theALRCLK signal.

If the data is organized as 16-bit words and the peridd_BCLK is 32ABCLK cycles and the first bit
of each word is sampled oABCLK cycle after the transition of tl_RCLK signal, then the last bit of
the word will appear after the next transition of &leRCLK signal. This is because the transition of
ALRCLK occurs every 18BCLKs. The same is true for 24-bit words and®uRCLK period of 48.

If the word width is less than the numberABCLK cycles between transitions ALRCLK, then the
following holds true during the “spare” clock cycles:

Arejandold

« Left-justified: After presentation of the entire word, the output (input) is zero.
* Right-justified: The m.s. bit of the word is repeated until the word is aligned.

Left and Right Channel Determination Per Data Line

On the AOUT andAIN lines, words of left-channel audio data are alternating with words of right-
channel audio data. The left channel onAIUT line is output either when the level of theRCLK
signal is high or low, as specified by tsP bit of the CFG ADP command. The left channel on the
AIN line is input either when the level of tA&RCLK signal is high or low, as specified by ttg® bit

of the CFG ADP command as explained in Table 30 .

4.6.5 Timing Diagrams for the Audio Interface

JewJoju| [enuapyuod pue

Figure 18 and Figure 19 in Section 4.4 “DVD-DSP and CD-DSP Interfaces” also double as an example
for interface timing of the audio interface for 16-bit words (the CD-DSP interface is almost identical to
the audio interface). The following figures provide further examples.

Ol
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1. See Section 12.4 “Set-up Commands” for an explanation on configuring the audio port via the CFG ADP com
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ALRCLK

AOUT <@ & & O O O € €

ALRCLK period is 48, word length is 20 bits, left justified,
signals should be sampled with the rising edgeRBELK,
left channel = higi\LRCLK.

A RS EpEpEpEpEpEp N

ALRCLK

AN @ O & O D 6O 6D &

ALRCLK period is 48 or 64, word length is 16 bits, left justifieABCLK period,
signals should be sampled with the falling edgBBELK, left channel = higiALRCLK.

FIGURE 33. Audio interface signals (Examples)

866T 1970100
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ALRCLK

AOUT < . B D 9.0 0.0 G

ALRCLK period is 48, word length is 20 bits, left justified\BCLK period,
signals should be sampled with the falling edgeaBELK, left channel = lowALRCLK.

o I

ALRCLK
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AN Qez_ X Rt X ro X Xuzo X X o X L)X Lis)

ALRCLK period is 48 word length is 20 bits, right justified
signals should be sampled with the falling edgaBECLK,
left channel = lowALRCLK.

FIGURE 34. Audio interface signals (Examples, cont.)
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Section 4.3.3 “Address/Register Space and Register Access” introduces the register map of the
ZR3671Q The address space translates into 16 readable and writable 16-bit registers. It is through these
registers that the host configures, controls and monitors the device. This section describes the software
specification of these registers. For an explanation of the hardware specification (e.g. 8-bit versus 16-bit
host data transfers), please refer to Section 4.3.3 “Address/Register Space and Register Access”.

5.1 General Set-up Parameters and Microcode - Reg. 0x0 and 0x1

The set-up parameters (excluding the ADP command-related parameters as described in Section 12.
“Annex A: ADP Commands”) and DVP microcode that are used to configuéRB6710are loaded/

5. Host Software Interface - Register Access

read via registers 0x0 and Ox1.

uonewJoju| renuapyuo) pue Arelalidoid

TABLE 31. ZR36710General Set-up Parameter/Microcode Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

General set-up parameters must be loaded int@R86710to configure the device for even the most
basic of functions such as generating video sync signals or creating audio clocks to an audio DAC at the
right frequency. Microcode must be loaded prior to issuisgaetl host command to the device.

1900120

1. See Section 6.11 “Host Commands and Control over the Playback Operation” for an explanation on loading r;(gst

commands to thER36710Q
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5.1.1 General Set-up Parameter Access Protocol

0id

The general set-up parameters are arranged in an internal indexed address space. Table 32 explains t
access protocol to these indexed addresses.

TABLE 32. General Set-up Parameter Access Protocol

Sequence of ZR36710Accesses to Write General Set-up Parameters

1. Write the 8-bit parameter indexed address to the |.s. byte of the Parameter Address Register. The m.s byte must be set to 0x00.
2. Write/read the 16-bit parameter data to/from the Parameter Data Register.

3. If the parameter indicated by the indexed address requires multiple 16-bit values, then the host must execute consecutive writes to/
reads from the Parameter Data Register without updating the Parameter Address Register for each word. In the case of writing/read-
ing multiple words from an indexed address, data is transferred m.s. word first.

Note: Reading the Parameter Address Register simply results in the last value (indexed address) that was written to this register.
Only a small portion of the parameters can be read back by the host.

0D pue Arelalid

Some of the parameter bits have default values which are preset to a given value during RESET. TheD
default values are needed to specify input signal directions for bidirectional lines to avoid contention. =
These default bits value are indicated with the description of each bit in this section. All other Q.
parameters do not have default values and should be loaded (at the appropriate stage) before usedD
Reserved bits must be written as zeros. For parameters that can be read, reserved bit values are ngD
guaranteed. Reserved addresses must not be written to nor read from. L

]

Only some of the parameters are readable. The host must never attempt to read any parameters that a&
not readable. If the host attempts to read parameters that are not designated as reatBK#he
signal on the host bus will not be de-asserted, effectively hanging the host interface.

JIoju|

5.1.2 General Set-up Parameter List

Table 34 lists the general set-up parameters, and specifies for each parameter its hexadecimal indexe
address, width in bytes, name, description and the initialization stage (see Table 33) in which ithasto b
loaded with an indication if it can be changed during playback. All parameters are writable, but =~
parameters designated by “RW” in the width column can also be read back by the host. Unless otherwiseO
specified, all 16-bit parameters (eAxptiveStartX, ImageSizeY) are treated as 16-bit unsigned integers. >

TABLE 33. Initialization Stages of the ZR36710
Stage Function
Stage 1 Immediately after RESET. This stage involves locking the PCLK portion of the PLL as explained in Section 4.2
“Phase-Locked Loop Interface”.
Stage 2 C-STATE? = jnit_pclk . Once PCLK is stabilized, but before C-STATE = init_display as explained in Section
14.2 “Stage 2: I/O Port Configuration”.
Stage 3 C-STATE = init_display or Idle. Preparation for playback.
Playback C-STATE != Idle, reset, init_pclk nor init_display . Playback is taking place.

a. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits.
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TABLE 34. General Set-up Parameters
Index Width in Parameter Name Descriotion Initialization
Addr. Bytes P stage
0x00 2 SysConfig System configuration C-STATE =init_pclk
01 2 RW VidConfig Video port configuration C-STATE =init_pclk
02 2 SDConfig DVD-DSP/CD-DSP port configuration | C-STATE =init_pclk
03 2 DVPGenl General purpose DVP data input parai-C-STATE =init_displayor C-STATE = Idle with
eter 1 option to change during playback.
04 2 DVPGen2 General purpose DVP data C-STATE =init_displayor C-STATE = Idle with
input parameter 2 option to change during playback.
05 2 DVPGen3 General purporse DVP data C-STATE = init_display or C-STATE =
input parameter 3 Idle with option to change during
playback.
Reserved
08 2 RW Colorv V component of the C-STATE =init_pclk, with option to change any
background color time after
09 2 RW ColorY Y component of the C-STATE =init_pclk, with option to change any
background color time after
0A 2 RW ColorU U component of the C-STATE =init_pclk, with option to change any
background color time after
Reserved
10 2 VidOut Display frame rate and field selections| C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle
11 2 RW Htotal Number of total pixels per line C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle
12 2 RW Vtotal Number of total lines per display framg C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle
13 2 RW HSyncSize Width of horizontal sync signal (pixels) C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle
14 2 RW VSyncSize Width of vertical sync signal (lines) C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle
15 2 RW CBHStart Number of initial blank pixels per line | C-STATE =init_pclk and/or any time after
16 2 RW CBVStart Number of initial blank lines per field | C-STATE =init_pclk and/or any time after
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TABLE 34. General Set-up Parameters
Index Width in Parameter Name Description Initialization
Addr. Bytes P stage
17 2 RW CBHEnd Number of initial blank plus non-blank | C-STATE =init_pclk and/or any time after
pixels per line
18 2 RW CBVENd Number of initial blank plus non-blank| C-STATE =init_pclk and/or any time after
lines per field
19 2 RW ActiveStartX Number of initial non-active pixels per| C-STATE = init_pclk, with option to
line change whileC-STATE = init_display or
C-STATE =Idle
1A 2 RW ActiveStartY Number of initial non-active lines per | C-STATE = init_pclk, with option to
field change whileC-STATE = init_display or
C-STATE =Idle
1B 2 RW ActiveEndX Number of initial non-active plus activg C-STATE = init_pclk, with option to
pixels per line change whileC-STATE = init_display or
C-STATE =Idle
1C 2 RW ActiveEndY Number of initial non-active plus activg C-STATE = init_pclk, with option to
lines per field change whileC-STATE = init_display or
C-STATE =Idle.
1D 2 RW ActiveSizeX Number of active pixels per line C-STATE = init_pclk, with option to
change whileC-STATE = init_display or
C-STATE =Idle.
1E 2 RW ActiveSizeY Number of active lines per picture or [ C-STATE = init_pclk, with option to
field change whileC-STATE = init_display or
C-STATE =Idle
1F 2 RW CaptionOffset Number of offset lines for the closed | C-STATE = init_pclk, with option to
captions data insertion change whileC-STATE = init_display or
C-STATE =Idle
20 2 StartDisplay Switch in a new (or modified) set of C-STATE =init_pclk, with option to write while
video output parameters C-STATE =init_displayor C-STATE =Idle
Reserved
28 2 RW OSDControl OSD configuration C-STATE =init_displayor C-STATE =Idle and/
or during playback
29 2 OSDMemStart Number of offset bytes between the C-STATE =init_displayor C-STATE = Idle and/
starting address of the OSD plane and or during playback
starting of OSD overlay data
2A 2 OSDMemSize Size in bytes of the OSD overlay data| C-STATE =init_displayor C-STATE =Idle and/
or during playback
2B 2 RW OSDFirstLine First line enabled for OSD overlay C-STATE =init_displayor C-STATE = Idle and/
or during playback
2C 2 RW OSDLastLine Last line enabled for OSD overlay C-STATE =init_displayor C-STATE =Idle and/
or during playback
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TABLE 34. General Set-up Parameters
Index Width in Parameter Name Description Initialization
Addr. Bytes P stage
2D 2 OSDSwitch Switch OSD display on and off C-STATE =init_displayor C-STATE = Idle and/
or during playback
Reserved
30 4 SCLKValue SCLK comparison value for interrupt During playback
Reserved
38 2 DiscType Disc type indication C-STATE =init_displayor C-STATE =Idle
Reserved
40 2 BitstreamSelect Bitstream selection C-STATE =init_displayor C-STATE =Idle
41 2 PlaybackMode Playback mode C-STATE =init_displayor C-STATE =Idle
42 2 AudSID Audio stream (or sub-stream) I.D. C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
43 2 VidSID Video stream I.D. C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
44 2 SPSID Sub-picture (sub-stream) I.D. C-STATE =init_displayor C-STATE = Idle, with
option to change during playback
45 2 AudPortDelay Audio port delay $CLK units) C-STATE =init_displayor C-STATE =Idle
46 2 VidPortDelay Video port delay $CLK units) C-STATE =init_displayor C-STATE =Idle
47 2 VidTolerance Video synchronization C-STATE =init_displayor C-STATE =Idle, with
tolerance $CLK units) option to change during playback
48 2 VidSyncMode Video synchronization mode selectiol C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
49 64 SPPalette Color and transparency LUT for sub- | C-STATE =init_displayor C-STATE =Idle, with
picture option to change during playback
Reserved
50 2 AutoScaling Video post-processing parameter group C-STATE = init_displayor C-STATE = Idle, with
calculating entity option to change during playback
51 2 PanScanBaseX Number of base offset pixels per line | C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
52 2 PanScanBaseY Number of base offset lines per picturg C-STATE = init_displayor C-STATE = Idle, with
or field option to change during playback
53 2 PanScanSizeX Number of processed image pixels pef C-STATE =init_displayor C-STATE = Idle, with
line option to change during playback
54 2 PanScanSizeY Number of processed image lines per | C-STATE =init_displayor C-STATE =Idle, with

picture or field

option to change during playback
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TABLE 34. General Set-up Parameters
Index Width in Parameter Name Description Initialization
Addr. Bytes P stage
55 2 RW PicSizeX Number of pixels per line after fixed C-STATE =init_displayor C-STATE = Idle, with
scaler - 1 option to change during playback
56 2 RW PicSizeY Number of lines per field after fixed C-STATE =init_displayor C-STATE =Idle, with
scaler - 1 option to change during playback
57 2 RW ImageStartX Number of initial background C-STATE =init_displayor C-STATE =Idle, with
pixels per line option to change during playback
58 2 RW ImageStartY Number of initial background lines per| C-STATE =init_displayor C-STATE = Idle, with
field option to change during playback
59 2 RW ImageSizeX Number of output image pixels per ling C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
5A 2 RW ImageSizeY Number of output image lines per field| C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
5B 2 RW ImageEndX Number of initial background plus out-| C-STATE = init_displayor C-STATE = Idle, with
put image pixels per line option to change during playback
5C 2 RW ImageEndY Number of initial background plus out-| C-STATE =init_displayor C-STATE =Idle, with
put image lines per field option to change during playback
5D Reserved
5E 2 ScaleRatio Horizontal and vertical scaling C-STATE =init_displayor C-STATE =Idle, with
ratios option to change during playback
5F 2 SPScale Sub-picture vertical scaling C-STATE =init_displayor C-STATE = Idle, with
selection option to change during playback
Reserved
68 2 AutoPanScan PanScan offset parameter group calcy- C-STATE =init_displayor C-STATE =Idle, with
lating entity option to change during playback
69 2 PanScanOffsetX Number of relative offset pixels per ling C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
6A 2 PanScanOffsetY Number of relative offset lines per pic-| C-STATE = init_displayor C-STATE = Idle, with
ture or field option to change during playback
6B 2 BackGroundSwitch | Switch video output between back- C-STATE =init_displayor C-STATE = Idle, with
ground and reconstructed image option to change during playback
6C 2 SPSwitch Switch sub-picture display C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
6D 2 CaptionWord Closed Captions host data C-STATE =init_displayor C-STATE = Idle, with
option to change during playback
6E Reserved
6F 2 CaptionSwitch Switch Closed Captions display C-STATE =init_displayor C-STATE = Idle, with
option to change during playback
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TABLE 34. General Set-up Parameters
Index Width in Parameter Name Description Initialization
Addr. Bytes stage
70 6 HiLightButton1 Button 1 geometrical data During playback
71 6 HiLightButton2 Button 2 geometrical data During playback
72 8 HiLightColor1 Active Button highlight color (1 of 3) During playback
73 12 HiLightTiming Active Button highlight timing During playback
74 2 HiLightSwitch Switch highlight display and mode During playback
75 8 HiLightColor2 Active Button highlight color (2 of 3) During playback
76 8 HiLightColor3 Active Button highlight color (3 of 3) During playback
Reserved
80 -8F 16x4 OSDPaletteOi Color and transparency for indexiin | C-STATE =init_displayor C-STATE =Idle, with
i=0to 15 LUT No. 0 for OSD option to change during playback
90 -9F 16x4 OSDPaletteli Color and transparency for index iin | C-STATE =init_displayor C-STATE =Idle, with
i=0to 15 LUT No. 1 for OSD option to change during playback
Reserved
CE 2 DVPCmd Host command to DVP During playback
CF 2 DecCntr Indicates no further need for a NAV During playback
segment
Reserved
EO 2 DynPanX Dynamic Panning X offset C-STATE =init_displayor C-STATE = Idle and/
or during playback
E1l 2 DynPanY Dynamic Panning Y offset C-STATE =init_displayor C-STATE =Idle and/
or during playback
Reserved
FO variable (init file) Initialization (Init) file #1 C-STATE =init_displayor C-STATE =Idle
F1 variable (init file) Init file #2 C-STATE =init_displayor C-STATE =Idle, with
option to change during playback
F2 variable (init file) Init file #3 C-STATE =init_display, C-STATE =init_pclk or
C-STATE =Idle, but only once after each RESE
F3 variable (init file) Init file #4 C-STATE =init_displayor C-STATE =Idle
Reserved
FD variable (microcode) DVP microcode C-STATE =init_displayor C-STATE =Idle
FE Reserved
FF Reserved
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The following tables give the structure for each of the general set-up parameters listed above. ForJ
parameters that have names for their bits, the bit number(s) is assigned to the names of these bits.

SysConfig (0x00)

15,14 13 12

11-4 3 2 1,0

reserved

NumDRAMDev

CodeSource CodBurstLen DecBypass HACKMode reserved

Reserved bits must be 0.

NumDRAMDev 0 = 1 16Mbit SDRAM.
1 =2 16Mbit SDRAMSs.
CodeSource 0 = DVD-DSP/CD-DSP interface provides bitstream data.
1 = Host bus interface provides bitstream data.
CodBurstLen If CodeSource = 0, allowed values are 16, 32, 64.
If CodeSource = 1, allowed values are 4, 8, 16, 32, 64.
DecBypass 0 = Internal decryption circuit is disabled (bypass).
1 = Internal decryption circuit is enabled.
HACKMode 0 = HACK# operates in default mode.
1 =In Type B transfers to the Coded Bitstream Register (Register 0x4), HACK# will not activate until HRDY is
active.
VidConfig (0x01)
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
0 PixLim | OSDMode | HSPol | VSPol | FIPol | FIVEdge | CBPol | VEdge | HEdge | FidSel | FidLevel | VSelect | Sync8 | Video8 | VCLKPol

Reserved bit 15 must be

0.

PixLim

0 =Y, UandV pixels are limited within range of 0 to 255 inclusive.
1 = Pixel values are limited in following ranges: 16 <=Y <= 235, 16 <= U,V <= 240. Must be 1 if Sync8 = 1.

OSDMode 0 = Internal OSD mode.
1 = External OSD mode, Video8 must be setto 1.
HSPol 0 = HSYNC active-low in master mode. Must be 0 in slave mode.
1 = HSYNC active-high in master mode.
VSPol 0 = VSYNC active-low in master mode. Must be 0 in slave mode.
1 = VSYNC active-high in master mode.
FIPol 0 = Fl is low during Field I, high during Field Il in master mode. Must be 0 in slave mode.
1 = Flis high during Field I, low during Field Il in master mode.
FIVEdge 0 = FI toggles on leading edge of VSYNC in master mode. Must be 0 in slave mode.
1 = Fl toggles on trailing edge of VSYNC in master mode.
CBPol 0 = CBLANK is active-low.
1 = CBLANK is active-high.
VEdge 0 = Falling edge of VSYNC is effective edge.
1 = Rising edge of VSYNC is effective edge.
HEdge 0 = Falling edge of HSYNC is effective edge.

1 = Rising edge of HSYNC is effective edge.
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VidConfig (0x01)

15 14

13

12 11 10 9 8 7 6 5 4 3 2 1 0

0 PixLim

OSDMode | HSPol | VSPol | FIPol | FIVEdge | CBPol | VEdge | HEdge | FidSel | FidLevel | VSelect | Sync8 | Video8 | VCLKPol

Reserved bit 15 must be 0.

FidSel 0 = Field indication uses FI signal level on effective edge of VSYNC.
1 = Field indication uses HSYNC signal level on effective edge of VSYNC. Must be 1 if number of lines for
both fields is even.
FidLevel 0 = Field | is indicated by effective edge of VSYNC sampling FI or HSYNC low.
1 = Field I is indicated by effective edge of VSYNC sampling FI or HSYNC high.
VSelect 0 = Field Il line counting starts with 0.
1 = Field Il line counting starts with 1.
Sync8 0 = Pixel bus does not contain SAV and EAV (VIP/CCIR 656) sync codes. Must be 0 if Video8 = 0.
1 = Pixel bus contains SAV and EAV (VIP/CCIR 656) sync codes.
Video8 0 = Pixel bus is 16 bits. Y data on Y[7:0] and UV data on C[7:0].
1 = Pixel bus is 8 bits. YUV data on Y[7:0].
VCLKPol 0 = Rising edge of VCLKx2 is qualified by VCLK low (syncs and 16-bit pixels). If Video8 = 1, Y data is output
with VCLK low.
1 = Rising edge of VCLKx2 is qualified by VCLK high (syncs and 16-bit pixels). If Video8 = 1, Y data is output
with VCLK high.
SDConfig (0x02)
15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0
DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap | res.

Reserved bit 0 must be 0.

DVDREQSync

0 = DVDREQ operates asynchronously with DVDSTRB. Must be 0 if not applicable.
1 =DVDREQ is synchronized to DVDSTRB.

IFMode

0 = DVD-DSP interface used for CD data. Must be 0 if host bus interface is used to transfer bitstream.
1 = CD-DSP interface used. HWID = GND.

CDEdge

0 = CD-DSP interface signals are sampled on falling edge of CDCLK. Must be 0 if not applicable.
1 = CD-DSP interface signals are sampled on rising edge of CDCLK.

CDJust

00b = CDDAT data is left-justified. Must be 00b if not applicable.
01b = CDDAT data is left-justified with one CDCLK cycle delay.
10b = CDDAT data is right-justified.

11b = Reserved, do not use.

CDPeriod

00b = CDFRM period is 32 CDCLK cycles. Must be 00b if not applicable.
01b = CDFRM period is 48 CDCLK cycles.

10b = CDFRM period is 64 CDCLK cycles.

11b = Reserved, do not use.

REQPOl

0 = DVDREQ is active-low. Must be 0 if not applicable.
1 = DVDREQ is active-high.

VALIDPol

0 = DVDVALID is active-low. Must be 0 if not applicable.
1 = DVDVALID is active-high.
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SDConfig (0x02)

15 14 13 12,11 10 9,8 7 6 5 4 3 2 1 0

DVDREQSync | IFMode | CDEdge | CDJust | res. CDPeriod res. REQPol | VALIDPol | SOSPol | STRBPol res. CDBitSwap | res.

Reserved bits must be 0.

SOSPol 0 = DVDSOS is active-low. Must be 0 if not applicable.
1 = DVDSOS is active-high.
STRBPol 0 = DVD-DSP signals are sampled on falling edge of DVDSTRB. Must be 0 if not applicable.
1 = DVD-DSP signals are sampled on rising edge of DVDSTRB.
CDBitSwap 0 = No bit swapping on CD-DSP interface. Must be 0 if not applicable.
1 = Bit swapping (reverse order |.s. to m.s.) per word on CD-DSP interface.
I DVPGen1 (0x03) I
iDVPGenl General DVP Data Input Parameter 1. As explained in this document, this parameter sets the frame display i
period in fast search mode. Refer to the microcode release notes for further definitions of this parameter.
DVPGen2 (0x04)
DVPGen2 General DVP Data Input Parameter 2. As explained in this document, this parameter is used in NV_PCK retrieval,
error concealment, fast search mode, automatic aspect ratio conversion and random access in special VideoCD
streams. Refer to the microcode release notes for further definitions of this parameter.

DVPGen3 (0x05)

15-2

1

0

reserved

Force Interlace

Force Progressive

Reserved bits must be 0.

Force Interlace

1 = Force interlaced picture interpolation method.

0 = Use data from bitstream to determine interpolation method. Must be O if Force Progressive = 1.

Force Progressive

1 = Force progressive picture interpolation method.

0 = Use data from bitstream to determine interpolation method. Must be 0 if Force Interlace = 1.

ColorV (0x08), ColorY (0x09), ColorU (Ox0A)

ColorV 8-bit V component of the background color. The m.s. 8 bits must be 0x00.
ColorY 8-bit Y component of the background color. The m.s. 8 bits must be 0x00.
Coloru 8-bit U component of the background color. The m.s. 8 bits must be 0x00.

VidOut (0x10)

15-2

1

0

reserved

FieldSel

VidFPS

Reserved bits must be 0.

1 = Output frame rate is 25 frames per second - PAL.

FieldSel 0 = Top field is output during Field I. Bottom field is output during Field II.
1 = Bottom field is output during Field I. Top field is output during Field II.
VidFPS 0 = Qutput frame rate is 29.97 (30/1.001) frames per second - NTSC.
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Htotal (0x11), Vtotal (0x12), HSyncSize (0x13), VSyncSize (0x14)

Htotal Total number of pixels/line = number of VCLKs between leading edges of consecutive HSYNC pulses. Must be
even. Maximum value is 1022. Must be 0x0000 in slave mode.

Vtotal Total number of lines/display frame = number of HSYNC pulses between every other leading edge of VSYNC.
Maximum value is 1023. Vtotal x Htotal x frame rate (30/1.001 or 25) = f,,¢; - Must be 0x0000 in slave mode.

HSyncSize Width (in pixels) of HSYNC active pulse in master mode. Minimum value is 8. Maximum value is (Htotal/2 - 1).
Must be 0x0000 in slave mode.

VSyncSize Width (in lines) of VSYNC active pulse in master mode. Minimum value is 1. Maximum value is (Vtotal/2 - 1). Must
be 0x0000 in slave mode.

CBHStart (0x15), CBVStart (0x16), CBHEnd (0x17), CBVENd (0x18)

CBHStart Defines the number of blank pixels at the beginning of each line, measured in the number of VCLKs after the
effective edge of HSYNC. Minimum value of 6. Maximum value of (CBHENd - 1).

CBVStart Defines the number of blank lines at the beginning of each field, measured in the number HSYNC pulses after the
effective edge of VSYNC. Minimum value of 2. Maximum value of (CBVEnNd - 1).

CBHENd Defines the blanking period at the end of each line such that there are (Htotal - CBHENd) blank pixels at the end
of each line, measured in the number of VCLKs after the effective edge of HSYNC. Minimum value of
(CBHStart + 1). Maximum value of (Htotal - 1).

CBVENd Defines the blanking period at the end of each field such that there are (int(Vtotal/2) - CBVEnNd) blank lines at the

end of each field, measured in the number of HSYNC pulses after the effective edge of VSYNC. Minimum value
of (CBVStart + 1). Maximum value of (int(Vtotal/2) - 1).

ActiveStartX (0x19), ActiveStartY (0x1A), ActiveEndX (0x1B), ActiveEndY (0x1C), ActiveSizeX (0x1D), ActiveSizeY (Ox1E)

ActiveStartX Defines the number of non-active pixels at the beginning of each line, measured in the number of VCLKs after the
effective edge of HSYNC. Must be even. Minimum value of 40. Maximum value of (ActiveEndX - 2).

ActiveStartY Defines the number of non-active lines at the beginning of each field, measured in the number of HSYNC pulses
after the effective edge of VSYNC. Minimum value of 4. Maximum value of (ActiveEndY - 1).

ActiveEndX Defines the number of non-active pixels at the end of each line such that there are (Htotal - ActiveEndX) non-
active pixels at the end of each line, measured in the number of VCLKs after the effective edge of HSYNC. Must
allow ActiveSizeX to be a multiple of 8. Minimum value of (ActiveStartX + 2). Maximum value of (Htotal - 2).

ActiveEndY Defines the number of non-active lines at the end of each field such that there are (int(Vtotal/2) - ActiveEndY)
non-active lines at the end of each field, measured in the number of HSYNC pulses after the effective edge of
VSYNC. Minimum value of (ActiveStartY + 1). Maximum value of (int(Vtotal/2) - 1).

ActiveSizeX Defines the number of active pixels per line. Calculated by the host, it should be (ActiveEndX - ActiveStartX) and
must be a multiple of 8.

ActiveSizeY Defines the number of active lines per field. Calculated by the host, it should be (ActiveEndY - ActiveStartY).

CaptionOffset (Ox1F)

CaptionOffset

Number of lines (HSYNC pulses) after effective edge of VSYNC after which closed caption data is placed. Min.
value of 2. Max. value of 31. This indicates the closed caption line.

StartDisplay (0x20)

StartDisplay

Reset all video counters and operate video interface according to values in parameters 0x00 - Ox1F. The value
itself written is ignored by the ZR36710
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OSDControl (0x28)

15 14,13 12 11-0

OSDMem OSDSwitchPlane OSDDot reserved

Reserved bits must be 0.

OSDMem 0 = OSD buffer is organized as one plane.
1 = OSD huffer is organized as two planes of equal size.

OSDSwitchPlane 00b = OSD planes are switched every field. Must be 00b if OSDMem = 0.
01b = OSD planes are switched every display frame (2 fields).

10b = OSD is switched to plane 0.

11b = OSD is switched to plane 1.

OSDDot 0 = OSD palette index (4 bits) is defined for each pixel.
1 = OSD palette index (4 bits) is defined for each horizontal pair of pixels.

OSDMemStart (0x29), OSDMemSize (0x2A), OSDFirstLine (0x2B), OSDLastLine (0x2C)

OSDMemStart Defines the number of bytes from the beginning of each OSD plane buffer to the beginning of the OSD data to be
presented on the lines indicated by OSDFirstLine through OSDLastLine. Must be even.

OSDMemSize Defines the number of bytes of each OSD plane to be presented on the lines indicated by OSDFirstLine through
OSDLastLine. Must be even.

OSDFirstLine Defines the number of active lines from the start of the active area to before the first active line for which the OSD
data is enabled. Minimum value of 0. Maximum value of ActiveSizeY.

OSDLastLine Defines the number of active lines from the start of the active area to before the last active line for which the OSD
data is enabled. Minimum value of OSDFirstLine. Maximum value of ActiveSizeY.

OSDSwitch (0x2D)

15-1 0

reserved OSDSwitch

Reserved bits must be 0.

OSDSwitch 0 = OSD display is disabled.
1 = OSD display is enabled.

uonewloju| renuapyuo) pue Areyandold

I SCLKValue (0x30)
ISCLKVaIue 4-byte value that will set the SCLKIRQ ISR bit to 1 if the internal SCLK counter reaches this value.

DiscType (0x38)

15-2 1 0
reserved SOSDelay MajorType
Reserved bits must be 0.
SOSDelay 0 = DVD-DSP device does not transmit the ID and IED bytes (first 6 bytes) of each DVD sector. Must be

0 if MajorType = 1 or if DVD-DSP interface is not used.
1 = DVD-DSP transmits ID and IED bytes of each DVD sector.

MajorType 0 = DVD disc. Must be 0 if CodeSource = 1.
1 =CD disc.
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BitstreamSelect (0x40)

15-11

10-1 0

CBSelect

reserved VidEntry

Reserved bits must be 0.

CBSelect

00000b = VideoCD and CD-I (FMV) sectors with embedded MPEG-1 system-multiplexed bitstream.
00010b = DVD video object (VOB) sectors.
00100b = CD-DA PCM stereo audio sectors.

00101b = VideoCD auxiliary sectors via DVD-DSP/CD-DSP interface to be stored in SDRAM after Mode 2 Form 1
sector block decoding.

00110b = DVD navigation file sectors (e.g. VTSI, VMGI) via DVD-DSP interface to be stored in SDRAM.
00111b = MPEG-1 system (ISO 11172-1,2,3) or MPEG-2 program (ISO 13818-1,2,3) stream.
01100b = MPEG-1 video (ISO 11172-2) or MPEG-2 video (ISO 13818-2) elementary stream.

01101b = MPEG-1 video (1ISO 11172-2) or MPEG-1 audio (ISO 11172-3) elementary stream packetized (PES)
according to 1ISO 11172-1.

Also supported is MPEG-1 video (ISO 11172-2), MPEG-1 audio (ISO 11172-3), MPEG-2 video
(ISO 13818-2) or MPEG-2 audio (ISO 13818-3) elementary stream packetized (PES) according to ISO
13818-1.

Also supported is AC-3 audio, PCM audio, or sub-picture elementary stream packetized (PES) according
to the DVD Specification 1.0.

01111b = MPEG-1 audio (ISO 11172-3) or MPEG-2 audio (ISO 13818-2) elementary stream.
10110b = AC-3 audio elementary stream.

11000b = LPCM audio elementary stream according to the DVD Specification 1.0.

All other combinations are reserved and must not be used.

VidEntry

0 = Video entry point is 1st I-Picture header, GOP header or sequence header parsed in the bitstream.
1 = Video entry point it 1st sequence header parsed in the bitstream.

PlaybackMode (0x41)

15-10 9 8,7 6 5 4 3 2-0

reserved LastPic reserved VidFloat | reserved Black DVDRegEnable reserved

Reserved bits must be 0.

LastPic

0 = Background color is displayed after decoding/displaying last video frame.
1 = Last frame is displayed after decoding/displaying last video frame.

VidFloat

0 = Pixel bus is tri-stated by VDEN# pin. This is the default after RESET. If changed from 1 to 0, a RESET
must be applied.

1 = Entire video port is tri-stated. This overrides status of VDEN# and VMASTER input pins.

Black

0 = The programmed background color is displayed within the active area, outside the image area.

1 = While a decoded image is displayed in the image area, the active area outside the image area is
black. When a decoded image is not displayed, this region switches to the programmed background
color.

DVDReqEnable

0 = DVDREQ is enabled. This is normal operation.

1 = DVDREQ is disabled. This is a special operation mode for title key transfer during decryption as
explained in a separate application note.
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AudSID (0x42), VidSID (0x43), SPSID (0x44)

AudSID | 8-bit stream ID or sub-stream ID (audio within Private 1 packets) for audio stream to be decoded. m.s. byte must be zero.

VidSID 8-bit stream ID for video stream to be decoded. m.s. byte must be zero.

SPSID 8-bit sub-stream ID for sub-picture stream to be decoded. m.s. byte must be zero.

AudPortDelay (0x45), VidPortDelay (0x46), VidTolerance (0x47)

AudPortDelay

Designates an additional delay to account for reconstruction chain delays. Measured in units of SCLK (90KHz).
Used to synchronize audio and video. Must be 0 if no audio stream is decoded.

VidPortDelay

Designates an additional delay to account for reconstruction chain delays. Measured in units of SCLK (90KHz).
Used to synchronize audio and video. Must be 0 if no video stream is decoded.

VidTolerance

Defines the tolerance allowed between the internal SCLK counter and the video frame’s DTS to maintain syn-
chronization. If this difference falls outside the tolerance, then a following video frame is either dropped (B-frames
only) or the currently displayed frame is repeated. Measured in units of SCLK (90KHz). A value of O requires
exact comparison. Must be 0 if no video stream is decoded.

VidSyncMode (0x48)

15-2 1 0

reserved Vlock VsyncMode

Reserved bits must be 0.

Vlock 0 = no functionality.
1 =The transition of setting this bit from 0 to 1 causes SCLK to initialize to the next SCR in the bitstream.
This can only be done between the start and end_playback host commands to take effect. This
bit may remain 1 and have no effect. Once the bit is cleared, setting it again will cause the SCLK to
reinitialize to the next SCR in the bitstream.
VsyncMode 0 = Video does not synchronize to SCLK counter.
1 = Video synchronizes to SCLK counter.
SPPalette (0x49)
SPPalette 16 x 32-bit sub-picture palette entries. Each 32-bit entry is in the format: Zeros[31:24] Y[23:16] V[15:8] U[7:0]. The

sub-picture palette (PGC_SP_PLT) is typically extracted from the Program Chain Information (PGCI) on a DVD
and is written to the ZR36710in the order it is found on the DVD.
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AutoScaling (0x50)

15

14 -3 2 1,0

DynPanEnable

reserved VidFAR VidFAC

Reserved bits must be 0.

DynPanEnable 0 = ZR36710disables dynamic panning via DynPanX and DynPanY parameters.

1 = ZR36710enables dynamic panning via set-up parameters DynPanX and DynPanY parameters.
VidFAR 0 = Display frame aspect ratio is 4:3. Must be 0 if VIdFAC = 00b.

1 = Display frame aspect ratio is 16:9.
VidFAC 00b = Display frame aspect ratio conversion (FAC) is handled by host.

01b = ZR36710performs automatic display FAC via horizontal scaling (e.g. Pan-scan).
10b = No display FAC, but will still calculate parameters for 1:1 scaling or NTSC/PAL conversion.
11b = ZR36710performs automatic display FAC via vertical scaling (e.g. Letterbox).

PanScanBaseX (0x51), PanScanBaseY (0x52), PanScanSizeX (0x53), PanScanSizeY (0x54), PicSizeX (0x55), PicSizeY (0x56)

PanScanBaseX

Defines the base number of decoded pixels at the beginning of each decoded line that are not displayed
(skipped) before displaying the first decoded pixel of each decoded line. Minimum value is 0. Maximum value is
(2 x int(HS/2) - 32) where HS is the horizontal size value extracted from the sequence header of the bitstream.

The actual number of skipped decoded pixels at the beginning of each decoded line can be further changed by
the PanScanOffsetX parameter (e.g. host handles Pan-scan) or by the frame_center_horizontal_offset value of
the picture extension header (ZR36710handles Pan-scan automatically).

PanScanBaseY

Defines the base number of decoded lines at the beginning of each decoded field that are not displayed (skipped)
before displaying the first decoded line of each decoded field. Minimum value is 0. Maximum value is (int(VS/2) -
16) for VS > 288 or (VS - 16) for VS <= 288 where VS is the vertical size value extracted from the sequence
header of the bitstream.

The actual number of skipped decoded lines at the beginning of each decoded field can further be changed by
the PanScanOffsetY parameter (e.g. host handles vertical positioning) or by the frame_center_vertical_offset
value of the picture extension header (ZR36710handles vertical positioning automatically).

PanScanSizeX

Defines the number of decoded pixels per decoded line that will be displayed. Minimum value is 32. Maximum
value is (2 x int(HS/2) with HS as defined above. Must be a multiple of L.

PanScanSizeY

Defines the number of decoded lines per decoded field that will be displayed. Minimum value is 16. Maximum
value is (int(VS/2) for VS > 288 or (VS) for VS < 288. Must be a multiple of L.

PicSizeX If the number of decoded pixels per line > 384, PicSizeX = (PanScanSizeX - 1).
If the number of decoded pixels per line <= 384, PicSizeX = (2 x PanScanSizeX - 1).
PicSizeY PicSizeY = (PanScanSizeY - 1).
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ImageStartX (0x57), ImageStartyY (0x58), ImageSizeX (0x59), ImageSizeY (0x5A), ImageEndX (0x5B), ImageEndY (0Ox5C)

ImageStartX

Number of background pixels at the beginning of each line prior to displaying the decoded picture, measured in
the number of VCLKs after the effective edge of HSYNC. Must be even. Minimum value is (ActiveStartX).
Maximum value is (ImageEndX - 16).

ImageStartY

Number of background lines at the beginning of each field prior to displaying the decoded picture, measured in
the number of HSYNC pulses after the effective edge of VSYNC. Minimum value is (ActiveStartY). Maximum
value is (ImageEndY - 16).

ImageSizeX

Number of decoded pixels to be displayed per line. Should be (ImageEndX - ImageStartX).

ImageSizeY

Number of decoded lines to be displayed per field. Should be (ImageEndY - ImageStartY).

ImageEndX

Indicates the number of pixels after the start of the line which decoded pixels are no longer displayed and
background color is displayed, measured in the number of VCLKs after the effective edge of HSYNC. The
number of background pixels displayed at the end of each line is (Htotal - ImageEndX). Must be even. Minimum
value is (ImageStartX + 16). Maximum value is (ActiveEndX).

ImageEndY

Indicates the number of lines after the start of the field which decoded lines are no longer displayed and
background color is displayed, measured in the number of HSYNC pulses after the effective edge of VSYNC. The
number of background lines displayed at the end of each field is (int(Vtotal/2) - ImageEndY). Minimum value is
(ImageStartY + 16). Maximum value is (ActiveEndY).

ScaleRatio (Ox5E)

15-12

11-8 7-4 3-0

Ly

My Ly My

Host must write 0x0000 if ZR36710automatically scales the decoded video. These parameters are not used for fixed CCIR 601 scaling.

Ly Horizontal scaling ratio denominator. Minimum value is 1. Maximum value is 11.

My Horizontal scaling ration numerator. Minimum value is 1. Maximum value is 11.
3/4 <= My/Ly < 2. Ly = My = 1 indicates bypass of horizontal scaling.

Ly Vertical scaling ratio denominator. Minimum value is 1. Maximum value is 11.

My Vertical scaling ratio numerator. Minimum value is 1. Maximum value is 11.

3/4 <= M\/Ly < 2. Ly = My, = 1 indicates bypass of vertical scaling.

SPScale (Ox5F)

15-2 1,0

reserved SPvidstd

Reserved bits must be 0.

SPvidstd

00b = No vertical scaling of sub-picture.

01b = Vertical scaling ratio is 5/6, scaling down PAL sub-picture for an NTSC display.
10b = Vertical scaling ratio of 6/5, scaling up NTSC sub-picture for PAL display.

11b = Reserved, do not use.
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AutoPanScan (0x68)
15-1 0
reserved AutoPanScan

Reserved bits must be 0.

AutoPanScan 0 = Host provides PanScan offset parameters.
1 = ZR36710automatically calculates PanScan offset parameters.
PanScanOffsetX (0x69), PanScanOffsetY (Ox6A)
PanScanOffsetX Additional offset number of decoded pixels skipped prior to display of decoded image. This value is a 16.4
twos-complement fraction. The two I.s. bits must be 0. If AutoPanScan = 0, the total offset of decoded pixels
skipped per line is PanScanBaseX + PanScanOffsetX. This parameter is ignored if AutoPanScan = 1.
PanScanOffsetY Additional offset number of decoded lines skipped prior to display of decoded image. This value is a 16.4

twos-complement fraction. The two |.s. bits must be 0. If AutoPanScan = 0, the total offset of decoded lines
skipped per field is PanScanBaseY + PanScanOffsetY. This parameter is ignored if AutoPanScan = 1.

BackgroundSwitch (0x6B)

15-1 0

reserved BackgroundSwitch

Reserved bits must be 0.

BackgroundSwitch

0 = Decoded image and sub-picture is replaced with background color. OSD is not affected.

1 = Decoded image and sub-picture is displayed, if available.

SPSwitch (0x6C)

15-3 2 1,0

reserved SPSkip SPDisplay

Reserved bits must be 0.

SPSkip 0 = Reserved, do not use.

1 = Sub-pictures whose start time has already been passed by SCLK are displayed at least once.
SPDisplay 00b = Reserved, do not use.

01b = Sub-picture is displayed on FSTA_DSP or STA_DSP sub-picture commands.

10b = Sub-picture is displayed on FSTA_DSP sub-picture commands only.

11b = Reserved, do not use.

CaptionWord (0x6D)

CaptionWord Data to be placed on closed caption line as closed caption data when playback is paused, if performing PAL to

NTSC frame rate conversion or if CSwitch = 01b (used mostly for debugging). Host should initialize to 0x0000
prior to playback for proper operation of the closed caption modulator when playback is paused.
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CaptionSwitch (Ox6F)

15-2 1,0
reserved CSwitch
Reserved bits must be 0.
CSwitch 00b = No data is output on closed caption line.

01b = Line 21 data is provided via CaptionWord parameter and displayed (used mostly for debugging).
10b = Line 21 data which is automatically extracted from GOP user data is displayed.

11b = Reserved, do not use.

HiLightButton1 (0x70), HiLightButton2 (0x71)

HiLightButtonl Coordinates (X start, X end, Y start, Y end: each 10 bits) and button color table (1 <= BTN_COLN <= 3, reflecting
HiLightColor1, HighLightColor2 or HiLightColor3, respectively) of HLI Button 1.
Bit 47 | BTN_COLN | start X coord. (10 bits) | 00b | end X coord. (2 m.s. bits) | Bit 32
Bit 31 | end X coord. (8 I.s. bits). | 00b | start Y coord. (6 m.s. bits) Bit 16
Bit 15 | start Y coord. (4 I.s. bits) | 00b | end Y coord. (10 bits) Bit 0
HiLightButton2 Coordinates of HLI Button 2 as defined above.

HiLightColorl (0x72), HiLightColor2 (0x75), HiLightColor3 (0x76)

HiLightColorl HLI palette indices and blending factors for four different color types for both “selected” and “activated” button states.
Each palette index and blending factor is 4 bits. All 8 bytes must be entered, m.s. byte first as follows:

Bit 63 | “selected” palette index | “selected” palette index | “selected” palette index | “selected” palette index | Bit 48
for 11b color type. for 10b color type. for 01b color type. for 00b color type.

Bit 47 | “selected” blending “selected” blending “selected” blending “selected” blending Bit 32
factor for 11b type. factor for 10b type. factor for 01b type. factor for 00b type.

Bit 31 | “activated” palette “activated” palette “activated” palette “activated” palette Bit 16
index for 11b type. index for 10b type. index for 01b type. index for 00b type.

Bit 15 | “activated” blending “activated” blending “activated” blending “activated” blending Bit 0
factor for 11b type. factor for 10b type. factor for 01b type. factor for 00b type.

HiLightColor2 Same definition as HiLightColorl as defined above.

HiLightColor3 Same definition as HiLightColorl as defined above.

HiLightTiming (0x73)

uonewloju| renuapyuo) pue Areyandold

HiLightTiming Timing values associated with the active button. The 12 bytes of this parameter are loaded m.s. byte first as
follows:
Bit 95 | HLI_S_PTM: Starting PTS of the hilight operation. Bit 64
Bit 63 | HLI_E_PTM: Ending PTS of the hilight operation. Bit 32
Bit 31 [ BTN_SL_E_PTM: PTS at which button changes from “selected” to “activated” state. Bit 0
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HiLightSwitch (0x74)

HiLightSwitch

0x0000 = Disable highlight function immediately (buttons return to current SPU color codes and blending factors).

0x0001 = Hilight Button 1 using the “selected” set, starting at HLI_S_PTM until BTN_SL_E_PTM. Then hilight
Button 1 using the “activated” set until HLI_E_PTM, then disable hilighting.

0x0002 = Hilight Button 1 using the “selected” set, starting immediately (only if HLI_S_PTM has been passed by
SCLK) until BTN_SL_E_PTM. Then hilight Button 1 using the “activated” set until HLI_E_PTM, then
disable hilighting.

0x0003 = Hilight Button 1 using the “selected” set, starting at HLI_S_PTM until BTN_SL_E_PTM. Then hilight
Button 2 using the “activated” set until HLI_E_PTM, then disable hilighting.

0x0004 = Hilight Button 1 using the “selected” set, starting immediately (only if HLI_S_PTM has been passed by
SCLK) until BTN_SL_E_PTM. Then hilight Button 2 using the “activated” set until HLI_E_PTM, then
disable hilighting.

0x0005 = Hilight Button 1 using the “selected” set, starting at HLI_S_PTM until HLI_E_PTM, then disable hilight-
ing.

0x0006 = Hilight Button 1 using the “selected” set, starting immediately (only if HLI_S_PTM has been passed by
SCLK) until HLI_E_PTM, then disable hilighting.

0x0007 = Hilight Button 1 using the “activated” set, starting immediately (only if HLI_S PTM has been passed by
SCLK) until HLI_E_PTM (or a stop indication).

0x0008 = Hilight Button 2 using the “activated” set, starting immediately (only if HLI_S PTM has been passed by
SCLK) until HLI_E_PTM (or a stop indication).

0x0009 - OXFFFF are reserved and should not be used.

OSDPalette0Oi (0x80 - 0x8F), OSDPaletteli (0x90 - Ox9F)

31-26

25,24 23-16 15-8 7-0

reserved

OSDBF 8-bit Y component 8-bit U component 8-bit V component

Reserved bits must be 0.

OSDBF

00b = Blending ratio is 0% OSD and 100% video/sub-picture/background. OSD display is disabled.
01b = Blending ratio is 25% OSD and 75% video/sub-picture/background.
10b = Blending ratio is 50% OSD and 50% video/sub-picture/background.
11b = Blending ratio is 100% OSD and 0% video/sub-picture/background. OSD is always “on top”.

DVPCmd (0xCE)

DVPCmd

This parameter is used to write special host commands to the DVP for various functions such as reverse
playback of DVD bitstreams. Refer to the microcode release notes for further details.

DecCntr (OxCF)

DecCntr

After the host no longer needs a NAV segment, 0x00 must be written to this parameter. Only needed if
the ZR36710will stop requesting bitstream if the NAV segments are not read quickly enough.

DynPanX (OxEQ), DynPantY (OxE1)

DynPanX

Additional offset number of decoded pixels skipped prior to display of decoded image for the purpose of dynamic
panning (even while the decoded image is paused). This value is a 16.2 unsigned fraction. If DynPanEnable = 1,
the total offset of decoded pixels skipped per line is PanScanBaseX + DynPanX. This parameter is ignored if
DynPanEnable = 0.

DynPanY

Additional offset number of decoded lines skipped prior to display of decoded image for the purpose of dynamic
panning (even while the decoded image is paused). This value is a 16.2 unsigned fraction. If DynPanEnable = 1,
the total offset of decoded lines skipped per field is PanScanBaseY + DynPanY. This parameter is ignored if
DynPanEnable = 0.
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5.1.3 Loading Microcode via the General Set-up Parameters

0id

Zoran provides various microcode and initialization files that are to be loaded izi@36&10in order
for the device to carry out its various playback functions. These microcode and initialization files are ©
accompanied by release notes that explain what files are provided and under which circumstances eacb=>.
file needs to be loaded to the device. 36710 requires microcode and initialization files to be
loaded via the following indexed addresses of the general set-up parameter address space:

* OXFD: DVP microcode.

» OxFO: Initialization (Init) file #1.
» OxF1: Init file #2.

* OxF2: Init file #3.

» OxF3: Init file #4.

Init file #3 can be loaded only once after each timeZtR86710is taken out of RESET.

As an indication that the DVP microcode has been successfully loadedR86%¥10 has a simple
authentication routine. Immediately after receiving the fitart! host command, the device writes the
8-bit microcode revision number to tB&/PGPFL[7:0] bits in theSTATUSZ? register. The host may
read and verify this value.

If the host loads a DVP microcode and then needs to load a different DVP microcode prior to issuing a
start host command, then the host needs to zero-pad the original DVP microcode to 16384 bytes befor
loading the replacement microcode.

%uuepuuo:) pue Aelo

The DVP microcode is required by the DVP to properly decode the various supported bitstreams. An
application such as a DVD player may load different DVP microcode when switching between types of
bitstreams (e.g. changing from a DVD to a VideoCD). The microcode release notes specify at which
initialization stage each file can be loaded.

uomeuuo,lm |

gqo120

1. See Section 6.11 “Host Commands and Control over the Playback Operation” for an explanation of writing ho&
commands to th#R36710

2. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register @s
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5.2 Interrupt Status and Mask Registers, Reg. 0x2

TheZR36710has a single interrupt request outptifRQ#. This active-low signal, described in Section

4.3.4 “Interrupt Signal - HIRQ#", can be activated by any one or more of several possible interrupting
events that occur within the device. The host can query the device to see which particular event(s)
caused the interrupt by reading register 0x2, the Interrupt Status Register (ISR). Reading the ISR will
also de-assert thdIRQ# pin until another interrupt event occurs, re-asserting the pin. The host can
mask which events can and cannot cause interrupts by writing the appropriate value to register 0x2, the
Interrupt Mask Register (IMR).

TABLE 35. ZR36710Interrupt Status and Mask Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

Each event is represented by a flag bit in the Interrupt Status Register (ISR), and a corresponding mask

bit in the Interrupt Mask Register (IMR). On an interrupt event, the following occurs:

» The bit in the ISR corresponding to the event that occurred is set to 1.

uonewJoju| renuapyuo) pue Arelalidoid

« If the corresponding bit in the IMR is equal to 0, HH®Q# output of thezR36710is asserted low.
» TheHIRQ# output remains asserted until the host reads the ISR.

The asserted ISR bit(s) remain equal to 1 until the event that clears it (them) happens (in some cases this
is the host reading of the ISR, but not in all cases). As implied by the above sequence of events, bits irQ
the ISR will be set by certain events, but this does not mean that interrupts are triggered unless thg
corresponding bits in the IMR are cleared.
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The interrupting triggering events are listed below according to the order of their corresponding bits in —J
the ISR and IMR, from bit 15 down to 0. The values of the reserved bits are not guaranteed, so they must=s
be masked out and ignored when read.

Interrupt Status Register (ISR - Read Register 0x2) and Interrupt Mask Register (IMR - Write Register 0x02)

15

13

12 11 10 9 8 7 6 5 4 3-0

NAVREADY | DVPOBF

VSYNC

PLLpLOCKED | PLLaLOCKED | res. | DVPSWIRQ | ADPSWIRQ | res. | SCLKIRQ | res. | CODBUFIRQ | res.

res. = Reserved, value must be

ignored by system since value on ISR bit is undefined.

NAVREADY NAV Data Ready. This bit is set when a new navigation pack (NV_PCK as described in the DVD
Specification 1.0) is extracted from the bitstream and stored in the SDRAM. See Section 5.10 “Reading
the NAV Buffer in SDRAM - Reg. 0xA”.

Up to eight NV_PCKs can be stored in SDRAM and three bits of the STATUSL register (see Section
5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)”) indicate which NV_PCK to read on this interrupt.
This bit is cleared automatically when the ISR is read.

DVPOBF Demultiplexer/Video Processor (DVP) Output Buffer Full. This bit is set when the DVP Output FIFO is
full (64 words). On this interrupt, the host should read the entire 64 words via the DVP Output Data
Register (0x6). See Section 5.6.2 “Reading Data from the DVP Data Register”.

This bit is cleared whenever there is less than 64 words in this FIFO (when the FIFO is not full).

VSYNC Vertical Sync. This bit is set with every effective edge of VSYNC as selected by the VEdge? parameter.
This bit is cleared automatically when the ISR is read.

PLLpLOCKED PCLK Stable. This bit is set whenever PCLK is locked. See Section 4.2 “Phase-Locked Loop Inter-
face”.

This bit is cleared whenever PCLK is not locked by the PLL circuit.

PLLaLOCKED AMCLK Stable. This bit is set whenever AMCLK is locked. See Section 4.2 “Phase-Locked Loop Inter-
face”.

This bit is cleared whenever AMCLK is not locked by the PLL circuit.

DVPSWIRQ DVP Software Flag. This bit is set to 1 by the DVP microcode. Microcode release notes will explain the
functionality of this flag as it pertains to each version of DVP microcode.
This bit is cleared automatically when the ISR is read.

ADPSWIRQ ADP Software Flag. This bit is set to 1 by the ADP microcode. Microcode release notes will explain the
functionality of this flag as it pertains to each version of ADP microcode.
This bit is cleared automatically when the ISR is read.

SCLKIRQ SCLKValue Interrupt. This bit is set to 1 once the internal SCLK counter has passed the value written to
the SCLKValue? set-up parameter. See Section 6.10.1 “Internal SCLK Counter”.

This bit is cleared automatically when the ISR is read.
CODBUFIRQ Code Buffer Over/Underflow. This bit is set to 1 for one of the following events (see Section 6.5 “Stream

Demultiplexing”):

1. Overflow in either the video code buffer, audio code buffer or sub-picture code buffer.
2. Underflow in either the video code buffer or audio code buffer.

This bit is cleared automatically when the ISR is read.

uonewloju| renuapyuo) pue Arejando

a. See Section 5.1 “General Set-up Parameters and Microcode - Reg. Ox0 and Ox1” for an explanation on loading set-up parameters

to theZR3671Q

After RESET, the IMR has an internal default value of OxFFFF, disabling all interrupts to the host.
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5.3 Issuing Host Commands - Reg. 0x3 (Write)

Host commands are written to the Host Command Register. All host commands consist of a 16-bit word.
Before writing a host command, the host must check thai @READY bit in theSTATUS1! register

is equal to 1.
TABLE 36. ZR36710Host Command Register

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
Ox1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

The different host commands are detailed in Section 6.11 “Host Commands and Control over the

Playback Operation”.

5.4 Host Interface for Coded Bitstream - Reg. 0x4 (Write)

uonewJoju| renuapyuo) pue Arelalidoid

If the ZR36710does not receive coded bitstream via the DVD-DSP (or CD-DSP) interface, then it must
receive the bitstream through write register 0x4, the Coded Bitstream Regist&oddSource bit of

the SysConfig® set-up parameter must be set to 1. The protocol between the host ZRBETE.0for

coded bitstream transfers is explained in Section 4.3.5 “Coded Data Request for Host Bus Code

Transfers -

HRDY".

0190

o

1. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register _ﬁts.

2. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1” for an explanation on Ioadinq—get-up
©

parameters to th#2R36710Q

oo
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TABLE 37. ZR36710Coded Bitstream Register

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUS1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
O0xA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

TheHRDY output pin andHRDY bit of theSTATUS1! register indicate to the host if tA&36710can
be accessed with coded bitstream. A high level on either signal indicates thaIanUDstLenz code
bytes can be written without having to ch&tRDY again.CodBurstLen is a 8-bit parameter that can get
the following values: 4, 8, 16, 32 or 64. TAR36710host interface includes an internal 64-byte FIFO
dedicated for bitstream input.

After HRDY is de-asserted, a number of code bytes may be further writtenZBR86&1Q such that the
total number of bytes, written since the last tirRRDY was high, will beCodBurstLen.

If the host does not monitor the status of the code FIFO vidRi2Y pin orHRDY status bit, then the
host risks overwriting unread data within the FIFO, causing bitstream errors. There is an alternative to

this rule with regards to tHeACK# signal as explained in Section 4.3.5 “Coded Data Request for Host

Bus Code Transfers - HRDY”,

As explained in Section 4.3.3 “Address/Register Space and Register Access”, writes to the Coded
Bitstream Register can interrupt transfers to other registers. For example, if 64 bytes are in the process of
being written to the Parameter Data Register, writes to the Coded Bitstream Register can interrupt this
process at any time.

Jewioju| fenuapiuo) pue Areandold
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0190

o
1. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register tgﬁs.

2. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and 0x1” for an explanation on loadin

parameters to th#R36710Q
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5.5 Status Registers - Reg. 0x3, 0x4, 0x5 (Read)

The ZR36710has three 16-bit status registe33 ATUSO (read register Ox35TATUSL (read register
0x4) andSTATUS2 (read register 0x5). These registers contain status information for various aspects of

the ZR3671Q These registers can be read at any time to inform the system of the current status of the

device.

TABLE 38. ZR36710Status Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

Unless otherwise specified, reading status data does not affect the data (unlike reading the ISR which

clears several bits). Theformation indicated by each of the bits and the timing of setting these bits to 1

and clearing these bits is described in the following tables. The values of the reserved bits are not

guaranteed, so they should be ignored when read.
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STATUSO Register (Read Register 0x3)

15-10 9 8 7 6 5 4 3 2 1 0

C-STATE reserved | DRAMBE | DRAMBF | VCBE | VCBF | ACBE | ACBF | SPCBF | ADPEMPTY ADPRDY

Reserved bit values must be ignored by system since value is undefined.

C-STATE

Internal operating state. Several of these states are reflective of the last host command issued to the device as explained in Sec-
tion 6.11 “Host Commands and Control over the Playback Operation”. Allowed values are as follows:

00 0000b = reset state: The period between RESET and locking of PCLK by the PLL circuitry.

00 0010b = init_pclk state: The period while PCLK is locked, but the StartDisplay? parameter has not been given.
00 0011b = init_display : The period after StartDisplay has been given, but prior to a Start host command.
01 0000b = Pause (active video) state: Playback is paused with the output of a frame.

01 1000b = Pause (no active video) state: Playback is paused with no decoding/display of a frame.

10 0000b = Nspb (active video) state: Non-stop playback with the output of a frame.

10 1000b = Nispb (no active video) state: Non-stop playback with no decoding/display of a frame.

10 0011b = Step (active video) state: Single-step playback.

10 1011b = Step (no active video) state: Single-step playback.

10 0101b = Slow (active video) state: Slow-motion playback.

10 1101b = Slow (no active video) state: Slow-motion playback.

11 0000b = /dle state: Period between end of decoding and next start host command.

All other combinations are reserved and must not be used.

DRAMBE

0 = DRAM 32-word FIFO (for OSD data transfers) is not empty. See Section 5.11 “Writing OSD Data - Reg. 0xB and 0xC (Write)".

1 = DRAM 32-word FIFO (for OSD data transfers) is empty. Host may write up to 32 words to the OSD register before checking
this bit again.

DRAMBF

0 = DRAM 32-word FIFO (for NV_PCK transfers) is not full. See Section 5.10 “Reading the NAV Buffer in SDRAM - Reg. OxA".

1 = DRAM 32-word FIFO (for NV_PCK transfers) is full. Host may read 32 words from the NAV data register before checking this
bit again.

VCBE

0 = Video code buffer in SDRAM is not empty. See Section 6.5 “Stream Demultiplexing”.

1 = Video code buffer in SDRAM is empty. Once set to 1, this bit remains 1 until cleared by a read to this status register, no matter
if data became present in the buffer after this bit was set to 1.

VCBF

0 = Video code buffer in SDRAM is not full. See Section 6.5 “Stream Demultiplexing”.

1 = Video code buffer in SDRAM is full. Once set to 1, this bit remains 1 until cleared by a read to this status register, no matter if
data was flushed from the buffer after this bit was set to 1.

ACBE

0 = Audio code buffer in SDRAM is not empty. See Section 6.5 “Stream Demultiplexing”.

1 = Audio code buffer in SDRAM is empty. Once set to 1, this bit remains 1 until cleared by a read to this status register, no matter
if data became present in the buffer after this bit was set to 1.

ACBF

0 = Audio code buffer in SDRAM is not full. See Section 6.5 “Stream Demultiplexing”.

1 = Audio code buffer in SDRAM is full. Once set to 1, this bit remains 1 until cleared by a read to this status register, no matter if
data became present in the buffer after this bit was set to 1.

SPCBF

0 = Sub-picture code buffer in SDRAM is not full. See Section 6.5 “Stream Demultiplexing”.

1 = Sub-picture code buffer in SDRAM is full. Once set to 1, this bit remains 1 until cleared by a read to this status register, no
matter if data became present in the buffer after this bit was set to 1.

ADPEMPTY

0 = ADP Data Register is not ready to receive a byte from the host. See Section 5.8 “ADP Access - Reg. 0x8".
1 = ADP Data Register is ready to receive a byte from the host.

ADPRDY

a. See Section 5.1 “General Set-up Parameters and Microcode - Reg. 0x0 and Ox1”
theZR3671Q

0 = ADP Status Register does not contain a valid byte for the host to read. See Section 5.8 “ADP Access - Reg. 0x8”.
1 = ADP Status Register contains a valid byte for the host to read.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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STATUS1 Register (Read Register 0x4)

15 14

13,12 11 10 9 8 7 6,5 4,3 2 1,0

HCREADY | STARVING

PICTYPE | HRDY | IDLE | FRAME/FIELD# | DVPVAL | DVPIBE | NAVBUF | HLI_TIME | SPDERR | DVP_SW[1:0]

HCREADY

0 = ZR36710is not ready to receive host command via Host Command Register. See Section 6.11 “Host Com-
mands and Control over the Playback Operation”.

1 = ZR36710is ready to receive host command.

STARVING

0 = Normal operation.

1 = Video decoding is paused automatically due to video buffer starvation or if during synchronized playback,
SCLK is less than the next frame’s DTS (including VidTolerance). Cleared when video decoding resumes.

PICTYPE

00b = No MPEG picture is currently being decoded.
01b = I-picture is currently being decoded.
10b = P-picture is currently being decoded.
11b = B-picture is currently being decoded.

Set on VSYNC immediately after decoding of first block. Reset to 00b on next VSYNC unless it is an MPEG-2
field picture. See Section 6.6 “Video Decoding”.

HRDY

0 = HRDY pin is low. Used to accommodate systems that do not poll the HRDY pin.
1 = HRDY pin is high. See Section 4.3.5 “Coded Data Request for Host Bus Code Transfers - HRDY”.

IDLE

0 = IDLE pin is low. Used to accommodate systems that do not poll the IDLE pin.
1 = IDLE pin is high. See Section 14.3 “Stage 3: OSD Display and Preparation for Decoding”.

FRAME/FIELD#

0 = Picture being decoded is an MPEG-2 field picture.
1 = Picture being decoded is an MPEG-1 or MPEG-2 frame picture.
See Section 6.6 “Video Decoding”.

DVPVAL

0 = Data read from the DVP Data Register is valid.
1 = Data read from the DVP Data Register is invalid. This bit is cleared by a read from this status register.
See Section 5.6.2 “Reading Data from the DVP Data Register”.

DVPIBE

0 = DVP input FIFO associated with the DVP Data Register is not empty.

1 =DVP input FIFO associated with the DVP Data Register is empty. Host may write up to 64 bytes to the DVP
Data Register before checking this bit again. Bit is cleared once the 64th byte is written to this register. See
Section 5.6.1 “Writing Data to the DVP Data Register”.

NAVBUF

The two |.s. bits of the 3-bit NAV segment counter (DVP_SWIO0] is the m.s. bit) used to indicate which NAV
buffer segment has most recently had NV_PCK information copied to.

11b is the default value after RESET. See Section 5.10 “Reading the NAV Buffer in SDRAM - Reg. 0xA”.

HLI_TIME

00b = HLI is disabled. Default value after RESET.

01b = SCLK counter falls within the selection period of an HLI.
10b = SCLK counter falls within the activation period of an HLI.
11b = SCLK counter falls after the activation period of an HLI.
See Section 6.8.4 “Highlight Parameters”.

SPDERR

0 = No error within the internal sub-picture decoder. See Section 6.8 “Sub-Picture Decoding with HLI Support”.

1 = An internal sub-picture decoder error occurred since the last time this status register was read. This bit is
cleared when this status register is read.

DVP_SW[1:0]

Generic status flags used by the DVP for various functions. One of DVP_SWI[O0]'s functions is as the m.s. bit
(along with NAVBUF) of a 3-bit NAV segment counter used to indicate which NAV buffer segment has most
recently had NV_PCK information copied to. For other functions, refer to microcode release notes for details.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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STATUS2 Register (Read Register 0x5)

15-8

7-0

DVPGPFL[7:0]

reserved

Reserved bit values must be ignored by system since value is undefined.

DVPGPFL[7:0]

DVP General Purpose Flags. These bits are set and cleared by the DVP microcode.

As explained in this document, these bits have various functionality depending on the task of the DVP. Cur-

rently defined functionality includes:

1. Indication of the DVP microcode version as explained in Section 5.1.3 “Loading Microcode via the General

Set-up Parameters”.

2. Bitstream error indication as explained in Section 6.9 “Error Indication and Concealment”.
3. Indication of how many DVD auxiliary sectors are stored in the SDRAM as explained in Section 14.11 “Also

For: DVD Navigation File Sectors”.

Refer to the microcode release notes for changes/additions in the functionality of these bits.

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054
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5.6 Writing and Reading the DVP Data Register - Reg. 0x6

TheZR36710allows data transfer between the host and DVP through the DVP Data Register. Writes to
this register are queued in an input FIFO and retrieved by the DVP as instructed by the DVP microcode.
When the DVP wants the host to retrieve data, it queues the data in an output FIFO and informs the host —=.

U
)

(as explained in the following sub-sections) that data is ready for the host to read. D
TABLE 39. ZR36710DVP Data Register E;
Address Read Register(16 bits) Write Register(16 bits) Q
0x0 Parameter Address Register Parameter Address Register QJ
0x1 Parameter Data Register Parameter Data Register 3
0x2 Interrupt Status Register Interrupt Mask Register Q
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register O
0x5 STATUS2 Register Reserved O
0x6 DVP Data Register DVP Data Register 3
0x7 Device ID Register Reserved :h-
0x8 ADP Status Register ADP Data Register Q
0x9 System Clock Register Reserved CD
OxA NAV Data Register NAV Address Register 2
0xB Reserved OSD Address Register m
0xC Sub-Picture Code Buffer Status Register OSD Data Register —
0xD Video Code Buffer Status Register Reserved —
OXE Audio Code Buffer Status Register Reserved Eh
OxF Reserved Reserved (@)
—
5.6.1 Writing Data to the DVP Data Register 3
The protocol of writing to the DVP Data Register is shown in Table 40 : Q:Jr
TABLE 40. Protocol of Writing to the DVP Data Register O
Protocol 3

Step 1: The host reads the STATUS12 register, checking for DVPIBE = 1.

Step 2: If DVPIBE = 1, the host writes 64 bytes (32 words) to the DVP Data Register, loading the data into a FIFO that will be read by
the DVP.

a. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits.

Upon writing the last byte (or word), tER36710will clear theDVPIBE bit which indicates to the

DVP that the FIFO is full and data may be read. If less than 64 bytes are written to this register, the
DVPIBE bit will not be cleared and the DVP will not read the data from the FIFO so 64 bytes must be
written.

1900120
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Data Format Written to the DVP Input FIFO

The following shows the data format that is written to the DVP Input FIFO.
TABLE 41. Data Format Written to the DVP Input FIFO

Input Order of Each 16-bit DVP Input FIFO Entry

Type
parameter 1

parameter 31

ue Arelsndoud

Data Types Provided to the DVP by the Host

Currently defined are two types of data the host provides to the DVP. Each of these types is uniquerQ
identified by the first word written to the DVP Input FIFO (“Type” as shown in Table 41 ). Refer to the
microcode release notes if these definitions have changed:

uo)H

* No data (Type = 0x0000). Parameters 1 - 31 must be written, but contain no valid data.

« Start and end sector addresses for VideoCD playback via the CD-DSP interface. The details of —h
VideoCD playback via this interface are given in Section 14.6 “Also For: VideoCD or CD-I (FMV) o
Streams”.

5.6.2 Reading Data from the DVP Data Register

elluo

The DVP parses bitstream data, extracts certain data and provides this extracted data to the host for
further processing. This data is queued in a 64-word DVP output FIFO, denoted DVPO_FIFO. The —

protocol for data retrieval from the DVPO_FIFO via the DVP Data Register is shown in Table 42 . This —q
protocol is explained further in Section 14.4 “Decoding/Playback™: o
TABLE 42. Protocol of Reading Data from the DVP Data Register §
Protocol QJ
Step 1: The ZR36710sets the DVPOBF bit in the ISR? to 1 once the DVPO_FIFO has been filled by the DVP. If the IMR enables this '_' .
event to trigger an interrupt, then the host receives an interrupt. O
Step 2: If DVPOBF = 1, the host reads 64 words from the DVP Data Register. The DVPOBF bit is cleared once the first word is read 3
from the DVPO_FIFO.
Step 3: After reading the data, the host reads the STATUS1P register, checking for DVPVAL = 0.
Step 4: If DVPVAL =0, the data read was valid. If DVPVAL = 1, the data was overwritten by the DVP with new data while being read
and should be discarded by the host.
To avoid data being invalidated by the DVP, the following protocol is recommended:
Step 1: On each VSYNC interrupt, the DVPOBF bit is checked. The DVPOBF bit is masked in the IMR to not trigger interrupts.
Step 2: If DVPOBF = 1, the host reads 64 words from the DVP Data Register.
Step 3: The host checks for DVPVAL = 0 to validate the data. Reading data (if there is data to read) on every VSYNC should avoid (@)
data within the DVPO_FIFO to be overwritten. g
-
a. See Section 5.2 “Interrupt Status and Mask Registers, Reg. 0x2” for an explanation on reading ISR bits. %
=
b. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits. "H
©
[(e]
(o]
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DVP Data Types Provided to the Host U

Currently defined are seven types of data that the DVP provides to the host as shown below. Refer to the —~
microcode release notes if the definitions of these types of data has changed from what's shown here: O

« VideoCD user data (closed captions and pointers to I-pictures). This data type is applicable only in —.

playback of VideoCD discs. (@)
» DVD closed captions user data. Applicable only in playback of DVD discs. 5;

» Sequence header and sequence display extension video parameters. This data type consists of vi
parameters extracted from the MPEG-1/MPEG-2 sequence header that are provided to the host for
possible parameter processing. Q

>

« Picture header, picture display extension and picture copyright extension video and copyright
parameters. This data type consists of parameters extracted from the MPEG-1/MPEG-2 picture headc
and extensions that are provided to the host for possible parameter processing.

A PAUSE_DRIVE request. This data type is applicable only in playback of VideoCDs via the CD-
DSP interface and is explained in Section 14.6 “Also For: VideoCD or CD-I (FMV) Streams”.

« A RESUME_DRIVE request. This data type is applicable only in playback of VideoCDs via the CD-—h
DSP interface and is explained in Section 14.6 “Also For: VideoCD or CD-I (FMV) Streams”.

* A GLOBAL_DELTA value used in handling SCR discontinuities in DVD bitstreams as explained in (D
Section 6.10.5 “Handling SCR Discontinuities”.

uod

P

renu

Either of the first two data types (but not both) and the third and fourth data types can all coexist within
the DVPO_FIFO at the same time. In such a case they are ordered in sequential segments (each segment_
is a different data type) as explained in the following section.

5.6.2.1 Data Format in the DVPO_FIFO

Each data type segment in the DVPO_FIFO is preceded by a 16-bit designator called DVP Data Tag. It
indicates the type and size of the data segment immediately following the Tag as shown in Table 43 .

uonewJoju
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TABLE 43. 16-bit DVP Data Tag Format
Bit Assignment
15,14 13-7 6-0
Data Type Number of Data Words in the Segment Type-Dependent Information
Data Type 00b = VideoCD user data or DVD GOP header user data for closed captions.

01b = Sequence header parameters, a PAUSE_DRIVE request during VideoCD playback, a RESUME_DRIVE
request during VideoCD playback or a GLOBAL_DELTA value used in handling SCR discontinuities as
specified by bits 6:0.

10b = Picture header parameters.

11b = No data segment in the rest of the DVPO_FIFO. This indicates to the host that the rest of the buffer does
not include any valuable data.

Number of Words

Specifies the number of (16-bit) words in the data segment, excluding the Tag itself.

Type-Dependent
Information

For DVD GOP header closed captions data, these bits are defined as:
Bit 6: “top_field_flag_of gop” parameter.
Bits 5:0: “number_of_displayed_field_gop” parameter.

To determine if the data type 01b indicates sequence header parameters, a PAUSE_DRIVE request, a
RESUME_DRIVE request or a GLOBAL_DELTA:

Bits 6:0: 000 0000b - Sequence header parameters

Bits 6:0: 000 0001b - PAUSE_DRIVE request as explained in Section 14.6 “Also For: VideoCD or CD-|
(FMV) Streams”.

Bits 6:0: 000 0010b - RESUME_DRIVE request as explained in Section 14.6 “Also For: VideoCD or CD-|
(FMV) Streams”.

Bits 6:0: 000 0101b - GLOBAL_DELTA as explained in Section 6.10.5 “Handling SCR Discontinuities”.
For other types of data segments:
Bits 6:0 are all zeros.

The format of the PAUSE_DRIVE, RESUME_DRIVE and GLOBAL_DELTA data segments are given

nuaplyuo) pue Areyandold

in their respective sections referenced in Table 43 . The format for each of the other data segments ig="
described in Table 44 .
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TABLE 44.

Format of DVPO_FIFO Data Within Each Segment

Type

Format

Picture User Data in
MPEG-1 Video Streams

The number of words is always 32. The DVP may either truncate or zero-pad the original data to fit into the 32-
word limit.

GOP User Data (Closed
Captions in MPEG-2
Video Streams from
DVD

The number of data words in this Tag is 39. If the number of displayed fields, n, is less than or equal to
16, the first n words after the Tag are captions words, in order. The next word is composed of the n
121_switch bits, in order, starting with the m.s. bit. The 16-n |.s. bits are set to 0. The last 35-n data
words are written with OXFFFF.

If the number of displayed fields, n, is less than or equal to 32, the first 16 words after the Tag are
captions words, in order. The next word is composed of the 16 first 121_switch bits, in order, starting
with the m.s. bit. The next n-16 words are the last captions words, in order. The next word is composed
of the last n-16 121_switch bits, in order, starting with the m.s. bit. The 32-n I.s. bits are set to 0. The
last 34-n data words are written with OxFFFF.

If the number of displayed fields, n, is more than 32, the first 16 words after the Tag are captions words, in
order. The next word is composed of the 16 first 121_switch bits, in order, starting with the m.s. bit. The next 16
words are the next captions words, in order. The next word is composed of the second set of 16 121_switch
bits, in order, starting with the m.s. bit. The next n-32 words are the last captions words, in order. The next
word is composed of the last n-32 121_switch bits in order starting with the m.s. bit. The 48-n I.s. bits are set to
0. the last 34-n data words are written with OxXFFFF.

Sequence Parametersin
MPEG-1 and MPEG-2
Video Streams

The number of data words in this Tag is 5. The DVP extracts the parameters listed below from the
video stream and writes them to the buffer, if they exist in the bitstream. Note that in MPEG-1 the
extension parameters do not exist. For each non-existent parameter, the word OXFFFF is written.

15t word : 4 leading zeros followed by horizontal_size_value (12 bits) for MPEG-2, or horizontal_size
(12 bits) for MPEG-1.

2" word : 4 leading zeros followed by vertical_size_value (12 bits) for MPEG-2, or vertical_size (12
bits) for MPEG-1.

34 word : aspect_ratio_information (4 bits) for MPEG-2, or pel_aspect_ratio (4 bits) for MPEG-1,
followed by frame_rate_code (4 bits) for MPEG-2, or picture_rate (4 bits) for MPEG-1,
followed by 7 zeros, followed by progressive_sequence (1 bit) for MPEG-2 or a zero bit for
MPEG-1.

4™ word : 2 leading zeros followed by display_horizontal_size (14 bits) for MPEG-2.
5t word : 2 leading zeros followed by display_vertical_size (14 bits) for MPEG-2.

Picture Parameters in
MPEG-2 Video Streams

The number of data words in this Tag is 13. The DVP extracts the parameters listed below from the
video stream and writes them to the buffer, if they exist in the bitstream. Note that the ‘offset’
parameters appear for each field in the picture, so they may appear three times (in case of a frame
picture with repeat_first_field). For each non-existent parameter, the word OXFFFF is written.

15" word : 2 leading zeros, followed by picture_structure (bits 13,12), followed by top_field_first (bit 11),
followed by 5 zeros, followed by repeat_first_field (bit 5), followed by 1 zero, followed by
progressive_frame (bit 3), followed by 3 zeros.

2nd word : first frame_center_horizontal_offset (16 bits).
3 word : first frame_center_vertical_offset (16 bits).

4" word : second frame_center_horizontal_offset (16 bits).
5% word : second frame_center_vertical_offset (16 bits).
6™ word : third frame_center_horizontal_offset (16 bits).
7t word : third frame_center_vertical_offset (16 bits).

8™ to 13" word : copyright extension data (first word first), if it exists.
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5.6.2.2 How the DVP Fills the DVPO_FIFO
The DVP initiates writing of sequence header parameter data if it recognizes a “new” sequence header. 3
A new sequence header is defined as the first sequence header immediately following an%
end_of_sequence marker or the first sequence header afanthhost command. The DVP writes the

parameters according to the format described above.

d

—.

Next, the DVP initiates writing the user data for line 21 if it encounters such data in the GOP header. For e=+
GOP headers that do not immediately follow a sequence header, the GOP user data is written startin
from the beginning of the buffer. If a picture header appears in the bitstream before a GOP header ie<
encountered, then no GOP header data is written at this time.

fe]a

picture header can appear after a GOP header, after a sequence header or with no other header prior to
In any case, the picture header parameters are written starting from the upper most available address i
the buffer - it may be the beginning of the buffer, just after the sequence header data segment or just afte
the GOP header data segment. The picture header data segment is immediately followed by a “no morg)
data” Tag (2-bit Tag followed by 14 zeros).

Only after writing the “no more data” Tag into the buffer does the DVP raideMP©OBF bit.

Next, the DVP initiates writing of the picture header parameters if it encounters a picture header. A ig"—

uonew.ou| fenuapiu

~+

1. See Section 6.11 “Host Commands and Control over the Playback Operation” for an explanation on writing h
commands to thR3671Q

8668 1900100
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5.7 Device ID Register - Reg. 0x7 (Read)

This register contains a hardwired value that represents the device ID and revision number.
TABLE 45. ZR36710Device ID Register

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

The 8 m.s. bits are the device ID: 0x34.

The 8 I.s. bits are the revision number: OxCO for the first revision, OxC1 for the second, etc.

5.8 ADP Access - Reg. 0x8

Access to th&R36710s Audio Data Processor (ADP) is done through two registers. Writes to the ADP
that include ADP microcode downloading and issuing ADP commands are done via writes to register
0x8, the ADP Data Register. Various status bits that are returned after each byte is written to the ADP
can be checked via reads from register 0x8, the ADP Status Register.

Writes to the ADP Data Register use only the 8 I.s. bits of the host bus interface. If a 16-bit host data bus
is used, the 8 m.s. bits are ignored by the device. If an 8-bit host data bus is used, a byte of 0x00 must be
written prior to each byte written of actual ADP data.

866T 1970100
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TABLE 46. ZR36710ADP Status and Data Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUS1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
O0xA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

ADP Write Protocol - ADP Command Format

The protocol of writing data to the ADP conforms to the ADP command format explained in its entirety
in Section 12. “Annex A: ADP Commands”. All data, including ADP microcode and ADP configuration

parameters, is written as part of a particular ADP command.

To ascertain that the ADP is ready to accept a byte, a stat(8DREMPTY) in the STATUSO
register is provided. This status bit should be verified high by the host before writing a byte to the ADP

Data Register.

5.8.1 ADP Configuration Commands

uonewloju| renuapyuo) pue Areyandold

Section 5.1.2 “General Set-up Parameter List” provides a list of the general set-up parameters that the

ZR36710 requires to have initialized for proper operation of the device. In addition, the ADP also

requires several ADP commands to be executed in order to initialize the ADP for proper operation as

explained in Section 12. “Annex A: ADP Commands”. These ADP commands are listed in Table 47 .

1. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register
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TABLE 47. ADP Configuration Commands

ADP . e

Commands Description Initialization stage
PLLTAB, PCLK andAMCLK configuration. PCLK: C-STATE =init_pclk
PLLCFG AMCLK: C-STATE =init_pclk with option to change during play-

back.

CFG, Audio port configuration C-STATE =init_pclk
SPDIFCS
PARAM Audio output gain C-STATE =init_displayor C-STATE = Idle, with option to change
(EXT = 0x00) during playback
MUTE, Switch Audio mute on and off C-STATE = init_display or C-STATE = Idle, with option to change
UNMUTE during playback
PARAM Audio synchronization tolerance C-STATE =init_display or C-STATE = Idle, with option to change
(EXT = 0x02) (SCLK units) during playback
PARAM Audio synchronization mode selection C-STATE =init_display or C-STATE = Idle, with option to change
(EXT = 0x03) during playback
BOOT ADP microcode C-STATE =init_displayor C-STATE =Idle

5.8.2 Writing ADP Microcode

Microcode is loaded to the ADP via the BODADP command into an on-chip ADP program RAM.
The maximum size of the ADP microcode can be 12288 bytes. The host may load a smaller program (or
not load any ADP microcode), but such a program must assure that the unloaded portion of the program
RAM is not jumped at, and not used in any other way.

As an indication that the microcode has been successfully loaded, the IST ASEUKB byte will return

a “no error”

status.

5.8.3 Reading Data from the ADP

Any data from the ADP to the host is read from the ADP Status Register. The transfer is done using the

ADP command format as explained in Section 12. “Annex A: ADP Commands”. Typically, each ADP

command returns a status for which the host can check. The protocol is shown in Table 48 .

1. See Section 12. “Annex A: ADP Commands” for an explanation on loading ADP commandaR8874.0
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TABLE 48. Protocol of Reading Data from the ADP

Protocol

Step 1: Host writes appropriate ADP command to the ADP Data Register.

Step 2: Host writes an NOP ADP command to the ADP Data Register.

Step 3: Host reads the STATUSO? register, checking for ADPRDY = 1.

Step 4: If ADPRDY =1, data is ready for the host to read from the ADP Status Register.

a. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits.

5.9 Reading the System Clock Counter - Reg. 0x9 (Read)

The 32 bits of the system clock counBZLK (90 KHz) can be read from the System Clock Register.
TABLE 49. ZR36710System Clock Register

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUS1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
O0xA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

The first 16-bit read operation from this address results in the 16 m.s. BI&L&f. The second 16-bit
read operation results in the 16 I.s. bits. The first read locks the value of this register until the entire read
is complete (2 word reads or 4 byte reads).

ZORAN Corporation 3112 Scott Blvd., Santa Clara, CA 95054

Phone (408) 919-4111

Fax (408) 919-4122

uonewloju| renuapyuo) pue Areyandold

866T 1990100



ZR36710Preliminary Data Sheet Rev. 0.52

Host Software Interface - Register Access

5.10 Reading the NAV Buffer in SDRAM - Reg. 0xA

Navigation packets (NV_PCK as defined in the DVD Specifications 1.0) is extracted BR36& 10

and stored in an allocated buffer in the SDRAM for host retrieval. The host retrieves this data via the
NAV Address and Data Registers.

TABLE 50. ZR36710NAV Address and Data Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUSL1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
OxA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OXE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

5.10.1 Structure of NAV Buffer in SDRAM

The NV_PCK contains information such as timing information, angle information, Highlight
information, etc., that may be needed by the host for proper control of DVD players and applications.

As detailed in the DVD Specifications 1.0 document, each NV_PCK contains a 979-byte packet of PCI
(Program Control Information) including the HLI (sub-picture HighLight Information) block, and a
1017-byte packet of DSI (Data Search Information). A&ZiR86710encounters and parses a NV_PCK,

both the PCI information and DSI information is zero-padded at the end of each packet to 1024 bytes
each before being stored in the SDRAM. This is done to conveniently align the NV_PCK on 1K
boundaries.

The NAV buffer in SDRAM has room for 8 NV_PCKs, i.e., 2 x 8 packets of 1024 bytes each. The

purpose is to always store the eight most recent NV_PCKs from the bitstream. The boundaries betwee[s?
packs are at 1024, 2048, 3072, 4096, 5120, 6144, and 7168 words. g
D
=
©O
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(0]
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TABLE 51. ZR36710NAV Buffer Allocation

NAV Buffer Start Addresses (16-bit words) NAV Buffer Organization in SDRAM

NAV Segment 0

0x0000 PCI data (1024 bytes)

0x0200 DSl data (1024 bytes)
NAV Segment 1

0x0400 PCI data (1024 bytes)

0x0600 DSl data (1024 bytes)
NAV Segment 2

0x0800 PCI data (1024 bytes)

0x0A00 DSl data (1024 bytes)
NAV Segment 3

0x0C00 PCI data (1024 bytes)

0x0EOQ0 DSl data (1024 bytes)
NAV Segment 4

0x1000 PCI data (1024 bytes)

0x1200 DSl data (1024 bytes)
NAV Segment 5

0x1400 PCI data (1024 bytes)

0x1600 DSl data (1024 bytes)
NAV Segment 6

0x1800 PCI data (1024 bytes)

0x1A00 DSl data (1024 bytes)
NAV Segment 7

0x1C00 PCI data (1024 bytes)

0x1E00 DSl data (1024 bytes)

5.10.2 Knowing which NAV Segment to Read

Three bits in th&TATUS1 register indicate which of the 8 segments contains the most recent NV_PCK
data copied by the DVP to the NAV buffer. These bits, from m.s. to |.sD\&re SW[0] and the two
NAVBUF bits. After astart host command, these bits are reset to 111b. After the first segment is
written into the NAV buffer, this counter wraps around to 000b. This counter is incremented on each
segment written into the NAV buffer. The counter wraps around each time it reaches 111b.

5.10.3 Host Retrieval of NV_PCKs

There are two different procedures to read the NV_PCKs, selected with biDW@PiBen2. The big
difference between each procedure is howZ2R&86710 behaves if the host does not read the NAV
segments once they are filled as indicated in the notes at the bottom of the following two tables.
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TABLE 52. Protocol of Reading Data from the NAV Buffer with DVPGen2 Bit 0 = 0

Protocol

Step 1:

The ZR36710sets the NAVREADY bit in the ISR? to 1 once one of the eight NAV buffer segments has been filled with a com-
plete NV_PCK. If the IMR enables this event to trigger an interrupt, then the host receives an interrupt.

Step 2:

The host reads the STATUS1P register to check the DVP_SWI[0] and NAVBUF bits. These bits indicate which segment num-
ber (0 to 7 as shown in Table 51 ) of the NAV buffer was just filled with data.

Step 3:

Depending on the value of the DVP_SW][0] and NAVBUF bits, the host writes to the NAV Address Register the base address
within the NAV buffer of the NV_PCK to be read. Table 51 shows the address map of the NAV buffer. Upon writing an
address to this register, the DRAMBF bit in the STATUSO register is cleared. The ZR36710begins to queue NV_PCK data
into a 32-word FIFO. This FIFO is cleared whenever an address is loaded into the NAV Address Register.

Step 4:

The host checks the STATUSOP register for DRAMBF = 1, indicating that the device has filled the FIFO for the host to read.

Step 5:

If DRAMBF =1, the host reads 32 words from the NAV Data Register. After reading the last word, the DRAMBF bit is auto-
matically reset to 0 and the ZR36710queues the next 32 words into the FIFO. As long as 32 words are read from the NAV
Data Register, the host does not need to enter a new address to the NAV Address Register. The address is incremented
automatically within the device.

Step 6:

Steps 4 and 5 can be repeated until the entire 2048 bytes of the NV_PCK (or portion thereof) are read. The host must check
that DRAMBF = 1 before attempting to read each group of 32 words from the NAV Data Register.

Note 1:

Note 2:

The host may only read a portion of the NV_PCK by writing the appropriate address to the NAV Address Register (e.g. the
address associated with the beginning of the HLI data within the PCI data) and reading the desired amount of bytes.

With DVPGen2 bit 0 = 0, if the host does not read the NAV segments and all eight segments have been filled with data, the
next NV_PCK will overwrite the first NAV segment.

a. See Section 5.2 “Interrupt Status and Mask Registers, Reg. 0x2” for an explanation on reading ISR bits.
b. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits.

TABLE 53. Protocol of Reading Data from the NAV Buffer with DVPGen2 Bit 0 = 1
Protocol
Step 1: The ZR36710sets the NAVREADY bit in the ISR to 1 once one of the eight NAV buffer segments has been filled with a com-

plete NV_PCK. If the IMR enables this event to trigger an interrupt, then the host receives an interrupt.

Step 2:

The host reads the STATUS1 register to check the DVP_SWI[0] and NAVBUF bits. These bits indicate which segment num-
ber (0 to 7 as shown in Table 51 ) of the NAV buffer was just filled with data.

Step 3:

Depending on the value of the DVP_SW][0] and NAVBUF bits, the host writes to the NAV Address Register the base address
within the NAV buffer of the NV_PCK to be read. Table 51 shows the address map of the NAV buffer. Upon writing an
address to this register, the DRAMBF bit in the STATUSO register is cleared. The ZR36710begins to queue NV_PCK data
into a 32-word FIFO. This FIFO is cleared whenever an address is loaded into the NAV Address Register.

Step 4:

The host checks the STATUSO register for DRAMBF = 1, indicating that the device has filled the FIFO for the host to read.

Step 5:

If DRAMBF =1, the host reads 32 words from the NAV Data Register. After reading the last word, the DRAMBF bit is auto-
matically reset to 0 and the ZR36710queues the next 32 words into the FIFO. As long as 32 words are read from the NAV
Data Register, the host does not need to enter a new address to the NAV Address Register. The address is incremented
automatically within the device.

Step 6:

Steps 4 and 5 can be repeated until the entire 2048 bytes of the NV_PCK (or portion thereof) are read. The host must check
that DRAMBF = 1 before attempting to read each group of 32 words from the NAV Data Register.

Step 7:

Once the host no longer needs the data in the segment, the host must write 0x00 to DecCntr.

Note 1:
Note 2:

The host may only read a portion of the NV_PCK as explained in Table 52 .
With DVPGen2 bit 0 = 1, if the host does not read the NAV segments, the ZR36710will accumulate up to seven NAV seg-

ments and will stop requesting bitstream upon receiving the beginning of the eigth NAV segment.
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5.11 Writing OSD Data - Reg. 0xB and 0xC (Write)

ﬁ
The ZR36710allocates a buffer (the exact size is explained in the microcode release notes) in SDRAM @)

dedicated for OSD data that is provided by the host. Access to this buffer is provided through the OS

Address and Data Registers.
TABLE 54. ZR367100SD Address and Data Registers

Address Read Register(16 bits) Write Register(16 bits)
0x0 Parameter Address Register Parameter Address Register
0x1 Parameter Data Register Parameter Data Register
0x2 Interrupt Status Register Interrupt Mask Register
0x3 STATUSO Register Host Command Register
0x4 STATUS1 Register Coded Bitstream Register
0x5 STATUS2 Register Reserved
0x6 DVP Data Register DVP Data Register
0x7 Device ID Register Reserved
0x8 ADP Status Register ADP Data Register
0x9 System Clock Register Reserved
O0xA NAV Data Register NAV Address Register
0xB Reserved OSD Address Register
0xC Sub-Picture Code Buffer Status Register OSD Data Register
0xD Video Code Buffer Status Register Reserved
OxE Audio Code Buffer Status Register Reserved
OxF Reserved Reserved

The OSD buffer can be configured as either a single OSD plane or as two planes of equal size. In th
case of two planes, the first half of the buffer is designated “plane 0” and the second half of the buffer is

d

DO
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designated “plane 1”. The maximum size of each plane allowed is 128KB, thus if only one plane is ~—+

allocated, the maximum OSD buffer size is 128KB and if two planes are allocated, the maximum OSD
buffer size is 256KB. Refer to Section 9. “On-Screen Display” for a description of the OSD data format.

The protocol for writing data to the OSD buffer is shown in Table 55 .
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TABLE 55. Protocol of Writing Data to the OSD Buffer

Protocol

Step 1: The host writes a base address (each address points to a word, not a byte) to the OSD Address Register, indicating the start-
ing address within the OSD buffer that OSD words will be written to. A write to this address register immediately sets
DRAMBE =1 in the STATUSO register.

Step 2: The host writes up to 32 words of OSD data to the OSD Data Register. These words are loaded into a 32-word FIFO. As soon
as there is data in this FIFO, DRAMBE switches to 0.

Step 3: Once the 32nd word is written to the OSD Data Register, the ZR36710retrieves the data from the FIFO and copies it into the
OSD buffer in SDRAM. Once all 32 words are retrieved from the FIFO, the DRAMBE bit is set to 1.

Step 4: The host checks for DRAMBE? = 1 if the host will transfer more data.

Step 5: Once DRAMBE = 1, the host may write up to 32 words to the OSD Data Register. The ZR36710will automatically increment
the address pointer within the buffer so the host is not required to load a new address to the OSD Address Register.

Step 6: This process of checking for DRAMBE = 1 and writing 32 words to the OSD Data Register (steps 4 and 5) is repeated as fre-
quently as necessary, depending on how much data must be written into the OSD buffer.

Step 7: If less than 32 words are written to the OSD Data Register, the host must write OXFFFF to the OSD Address Register to indi-
cate that there are less than 32 words in the FIFO and thus the ZR36710will read these words. Without writing OXFFFF to the
OSD Address Register, the ZR36710would have no indication to read the words in the FIFO.

Step 8: Once the host is finished writing data to the OSD Data Register (whether or not a complete 32 words were written to the
FIFO), the host writes OxFFFF to the OSD Address Register.

a. See Section 5.5 “Status Registers - Reg. 0x3, 0x4, 0x5 (Read)” for an explanation on reading status register bits.

If the OSD buffer is configured as one plane, then the entire OSD buffer is allocated to the single plane
with a starting address of 0x0000. If the OSD buffer is configured as two planes, then the first half of the
buffer is allocated as plane 0 with a starting address of 0x0000 and the second half of the buffer is
allocated as plane 1 with a starting address of (OSD buffer size in bytes / 4).

5.12 Code Buffer Status Registers - Reg. 0xC, 0xD, OxE (Read)

TheZR36710allocates three buffers within its SDRAM for each of these three types of coded data:

uonewJoju| renuapyuo) pue Arelalidoid

» Coded video data.
» Coded audio data.
» Coded sub-picture data.

The device parses the bitstream, separates each type of coded data, and places each type into its own
buffer until the device retrieves the data for decoding. The fullness, or the number of bytes that have
been written to each buffer, but not yet been decoded, for each buffer can be checked via reads from t
Video, Audio and Sub-Picture Code Buffer Status Registers. See Section 6.5 “Stream Demultiplexing” g
for more information regarding demultiplexing of the bitstream and allocation of the stream data int >
these buffers. 2
=
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_U
TABLE 56. ZR36710Sub-Picture, Video and Audio Code Buffer Status Registers 8
Address Read Register(16 bits) Write Register(16 bits) U
0x0 Parameter Address Register Parameter Address Register : .
0x1 Parameter Data Register Parameter Data Register 'C_Db
0x2 Interrupt Status Register Interrupt Mask Register m
0x3 STATUSO Register Host Command Register ]
0x4 STATUS1 Register Coded Bitstream Register <
0x5 STATUS2 Register Reserved QJ
0x6 DVP Data Register DVP Data Register 3
0x7 Device ID Register Reserved Q
0x8 ADP Status Register ADP Data Register O
0x9 System Clock Register Reserved
O0xA NAV Data Register NAV Address Register O
0xB Reserved OSD Address Register Eh
0xC Sub-Picture Code Buffer Status Register OSD Data Register Q
0xD Video Code Buffer Status Register Reserved CD
OxE Audio Code Buffer Status Register Reserved 3
OxF Reserved Reserved —
Q
Interpretation of the Value Within the Code Buffer Status Registers 5
The fullness of each of these buffers is measured in 32-byte groups, for example: C_Dh

« If a value of 7151 (Ox1BEF) is read from the Video Code Buffer Status Register, then there are =
between (7151 x 32 = 228832) to (7151 x 32 + 31 = 228863) bytes in the video code buffer that hge
not been decoded.

« If a value of 127 (0x007F) is read from the Audio Code Buffer Status Register, then there are betweten
(127 x 32 = 4064) to (127 x 32 + 31 = 4095) bytes in the audio code buffer that have not been deq@Yed.

« If a value of 1128 (0x0468) is read from the Sub-Picture Code Buffer Status Register, then there am®
between (1128 x 32 = 36096) to (1128 x 32 + 31 = 36127) bytes in the sub-picture code buffer that
have both not been released by the sub-picture decoder (SPU bytes can be “decoded”, but until the
ZR36710has no further use for the decoded SPU (e.g. display), the decoded bytes are not released) nor
been decoded.
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